Context. The low spin rates measured for solar-type stars at an age of a few Myr ("10% of the break-up velocity) indicate that some mechanism of angular momentum regulation must be at play in the early pre-main sequence. This may be associated with magnetospheric accretion and star-disk interaction, as suggested by observations that disk-bearing objects (CTTS) are slower rotators than diskless sources (WTTS) in young star clusters. Aims. We characterize the rotation properties for members of the star-forming region NGC 2264 ("3 Myr) as a function of mass, and investigate the accretion-rotation connection at an age where about 50% of the stars have already lost their disks. Methods. We examined a sample of 500 cluster members (40% with disks, 60% without disks), distributed in mass between "0.15 and 2 M d , whose photometric variations were monitored in the optical for 38 consecutive days with the CoRoT space observatory. Light curves were analyzed for periodicity using three different techniques: the Lomb-Scargle periodogram, the autocorrelation function and the string-length method. Periods were searched in the range between 0.17 days (i.e., 4 hours, twice the data sampling adopted) and 19 days (half the total time span). Period detections were confirmed using a variety of statistical tools (false alarm probability, Q-statistics), as well as visual inspection of the direct and phase-folded light curves. Results. About 62% of sources in our sample were found to be periodic; the period detection rate is 70% among WTTS and 58% among CTTS. The vast majority of periodic sources exhibit rotational periods shorter than 13 d. The period distribution obtained for the cluster consists of a smooth distribution centered around P=5.2 d with two peaks, located respectively at P=1-2 d and at P=3-4 d. A separate analysis of the rotation properties for CTTS and WTTS indicates that the P=1-2 d peak is associated with the latter, while both groups contribute to the P=3-4 d peak. The comparison between CTTS and WTTS supports the idea of a rotationaccretion connection: their respective rotational properties are statistically different, and CTTS rotate on average more slowly than WTTS. We also observe that CTTS with the strongest signatures of accretion (largest UV flux excesses) tend to exhibit slow rotation rates; a clear dearth of fast rotators with strong accretion signatures emerges from our sample. This connection between rotation properties and accretion traced via UV excess measurements is consistent with earlier findings, revealed by IR excess measurements, that fast rotators in young star clusters are typically devoid of dusty disks. On the other hand, WTTS span the whole range of rotation periods detected across the cluster. We also investigated whether the rotation properties we measure for NGC 2264 members show any dependence on stellar mass or on stellar inner structure (radiative core mass to total mass ratio). No statistically significant correlation emerged from our analysis regarding the second issue; however, we did infer some evidence of a period-mass trend, lower-mass stars spinning on average faster than higher-mass stars, although our data did not allow us to assess the statistical significance of such a trend beyond the 10% level.
Introduction
In spite of a substantial effort devoted to the subject over recent decades, the evolution of stellar angular momentum during the pre-main sequence (PMS) remains a somewhat controversial issue. The so-called angular momentum problem (e.g., Bodenheimer 1995) is a long-standing conundrum in star formaArticle number, page 1 of 45
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A&A proofs: manuscript no. Venuti_rotation_NGC2264 tion theories. At an age of a few Myr, low-mass solar type stars (T Tauri stars, TTS; Joy 1945) are known from observations to have a spin rate of merely a fraction of their break-up velocity (e.g., Vogel & Kuhi 1981; Bouvier et al. 1986; Hartmann & Stauffer 1989) . However, if their early rotational evolution was simply governed by conservation of angular momentum as these objects contract toward the zero age main sequence (ZAMS), by an age of À 1 Myr they ought to rotate much faster. This indicates that some mechanism of angular momentum regulation must be at play during the early PMS that effectively counteracts the spin-up effect linked to stellar contraction. In addition, various observational studies of rotation rates in young stellar clusters (e.g., Edwards et al. 1993; Bouvier et al. 1993; Herbst et al. 2002; Lamm et al. 2005; Littlefair et al. 2010; Henderson & Stassun 2012; Affer et al. 2013 ) have reported evidence of statistically distinct rotational behaviors between classical T Tauri stars (CTTS; Herbig 1962 ) and weak-lined T Tauri stars (WTTS; Herbig & Bell 1988) within the same region. The former, which are young stellar objects (YSOs) still interacting with an active accretion disk, rotate on average more slowly than WTTS, which are more evolved young stars with no signatures of circumstellar material. These results indicate that angular momentum regulation in YSOs is intimately connected with the star-disk interaction.
The main idea behind the current model of disk accretion in T Tauri stars was first examined in Königl (1991) . Based on the formalism developed in Ghosh & Lamb (1978) for neutron stars, the author suggested that disks around TTS do not reach down to the stellar surface, but are truncated at a distance R T of a few stellar radii from the central source by the strong magnetic field of the star ("1 kG at the stellar surface). The accretion of matter from the inner disk to the star therefore occurs in a magnetically controlled fashion: material is lifted from the inner disk and channeled along the magnetic field lines, forming accretion columns that impact the stellar surface at near free-fall velocities and thus generate hot shocks close to the magnetic poles. This initial picture, which assumed a stable, funnel-flow accretion process driven by a dipolar magnetosphere aligned with the rotation axis of the star, only provides a basic sketch of the far more complex and dynamic star-disk environment (see, e.g., Romanova et al. 2004; Kurosawa & Romanova 2013) . Nevertheless, the concept of magnetospheric accretion now defines the widely accepted paradigm for disk accretion in TTS, and finds strong support in its capability to explain many observational features associated with YSOs, such as the emission line profiles, large infrared and UV excesses, spectral veiling, presence of warps in the inner disk, strong photometric variability (see, e.g., Bouvier et al. 2007 for a review).
In the framework of magnetically controlled star-disk interaction, several scenarios have been proposed to solve the angular momentum problem. Königl (1991) suggested that the magnetospheric star-disk coupling may effectively lock the star to the disk. Magnetic field lines threading the disk in the region between R T and the co-rotation radius R C (where the orbital velocity in the disk is higher than the angular velocity of the star) transmit a spin-up torque to the star; this is balanced by the spindown torque ensuing from magnetosphere-disk coupling beyond R C . The result is a braking action on the star. A somewhat different mechanism was proposed in Shu et al. (1994) , who identified the main source of angular momentum removal from the system in magnetocentrifugally driven winds launched from the diskplane at distances r ą R C . Inside R C , near-corotation of disk material with the star is enforced by the strong magnetic field. Both models assume that the dipolar component of the stellar magnetic field, which dominates the star-disk interaction (it decays more slowly with distance from the star than higher-order components), has a strength of a few kG. However, recent studies suggest that the dipole intensity may be a factor of 10 smaller (Gregory et al. 2012 ). This may imply that the actual stellar dipole is not strong enough to act as an efficient braking source on the star. Alternative models of star-disk interaction have suggested that other mechanisms, such as accretion-powered stellar winds (Matt & Pudritz 2005) or magnetospheric ejections of material (Zanni & Ferreira 2013) , may play a more decisive role in extracting angular momentum from the systems.
Although the idea of disk-locking in PMS stars has been standing since the early '90s, evidence for this mechanism is still controversial. One consequence of the disk-locking scenario is that, once the disk accretion phase is over, a young star is relieved of the braking effect and can start to spin up freely as it contracts. Therefore, from an observational perspective, an association between the measured rotation periods for young stars and the presence/absence of disk accretion is to be expected if the model is valid. Systematic surveys of rotation in young clusters are of utmost interest to shed some light on these issues: intra-cluster studies enable investigations of the link between rotational properties and other stellar properties and disk indicators; exploring how the distribution of rotation periods varies between clusters of different age traces the evolution of angular momentum in the PMS. The recent review of Bouvier et al. (2014) on the matter well illustrates the current state of the debate. Evidence of statistically distinct rotational behaviors for WTTS and CTTS, reported in several studies, is not supported by others; in some cases, contrasting conclusions are drawn by different authors on the same clusters. External factors such as observational biases or sample completeness, or physical effects such as differing behaviors in different mass ranges, may play a role in this ambiguity.
The typical approach to explore a connection between rotation and disks in young clusters consists of combining optical monitoring surveys, to measure the rotational periods, with nearand mid-IR photometry, to detect a flux excess linked to thermal emission by dust in the stellar surroundings. This approach has been pursued, for instance, in Edwards et al. (1993) for a composite sample of T Tauri stars, Xiao et al. (2012) in Taurus, Herbst et al. (2002) for the Orion Nebula Cluster (ONC), Rebull et al. (2006) in Orion; these studies have shown a statistical association between the amount of IR excess and rotation, in the sense that YSOs with large IR excesses tend to be slow rotators, while young stars with little or no IR excess are spread over a broader range of periods, including both slow and fast rotators. While being indicative of dusty disks, the IR excess diagnostics does not enable direct assessment of whether an accretion process is actually ongoing in the system and at which rate mass is being transferred from the inner disk to the star. This is most directly investigated by detecting and measuring the UV flux excess produced in the accretion shock at the stellar surface. A comparison between UV excess measurements and spin rates derived for large populations of young stars is therefore of great interest to investigate the impact of different accretion regimes on the rotational properties of these sources (see, e.g., Rebull 2001 and Makidon et al. 2004) . The possibility of an association between UV excess and rotation in young stars was tested by Fallscheer & Herbst (2006) for a sample of about 100 objects in the 3 Myr-old cluster NGC 2264. Sources with active accretion disks, characterized by a flux excess in the U-band and thus smaller (bluer) U´V colors than non-accreting objects, were shown to be slow rotators, whereas fast rotators in the sam-ple did not exhibit significant emission in the U-band above the photospheric level. This result supports the view that the angular momentum regulation in TTS is related to the process of mass accretion from the disk. As underlined by the authors, large samples of objects with UV excess measurements and rotational periods are needed to explore in detail this rotation-accretion connection. Unfortunately, the challenging and time-consuming nature of UV observations has often limited the use of this diagnostics in studies of young stars and of their evolution.
In this paper, we present a new study of rotation and of its connection with accretion disks across the young open cluster NGC 2264. This investigation has been conducted in the framework of the "Coordinated Synoptic Investigation of NGC 2264" project (CSI 2264; Cody et al. 2014) ; this consisted of a multisite exploration of YSOs variability in the NGC 2264 cluster, from the X-ray domain to UV, optical and mid-IR wavelengths, on timescales from ă hours to several weeks. About fifteen observing sites, both space-borne (e.g., the Spitzer and CoRoT space observatories) and ground-based (e.g., the Canada-FranceHawaii Telescope, CFHT), were employed in the course of the campaign. The NGC 2264 cluster has long been a benchmark for star formation studies; its young age ("3 Myr), relative proximity (distance of about 760 pc, in the local spiral arm of the Galaxy), rich population of young stars ("1 000 known members), low average foreground extinction (A V " 0.4 mag), are some of the reasons of the long-standing interest toward this star-forming region (see Dahm 2008 for a review). The study reported here is centered on the set of optical light curves obtained with the CoRoT satellite (Baglin et al. 2006) , which cover a period of 38 consecutive days almost continuously, with a photometric accuracy of À0.01 mag. The effectiveness of CoRoT light curves for accurate period determinations was well illustrated in Affer et al. (2013) , who examined the rotation properties of about 300 NGC 2264 members based on a first, 23 day-long observing run performed with the CoRoT satellite on the cluster in March 2008. In this study, we use the new, more extensive dataset from the second CoRoT run on NGC 2264 to derive accurate rotational periods for a larger sample of cluster members, both CTTS and WTTS, and combine these results with other information from the CSI 2264 campaign to investigate how the rotational properties of young stars depend on stellar parameters like mass and on the presence of disks and active accretion.
The paper is organized as follows. Section 2 provides a brief description of the CoRoT observations and of the selection of the sample of cluster members investigated in this study. Sect. 3 describes the methods used to derive rotational periods from the light curves and their implementation. Sect. 4 illustrates the different variable classes identified across the sample (introduced in more detail in Appendix A) and presents the period distribution derived for the cluster; the rotational properties of cluster members are then discussed as a function of stellar mass and of their CTTS vs. WTTS classification; some considerations on the similarity in nature of WTTS and CTTS periods are also reported. In Sect. 5, the rotation-disk connection in NGC 2264 is explored: rotational periods derived for CTTS and WTTS in our sample are combined with UV excesses from Venuti et al. (2014) to investigate the association between different accretion regimes and the rotational properties of young stars; these results are discussed with reference to the scenarios of magnetospheric accretion and disk-locking, with particular focus on the R T /R C ratio estimated following theoretical predictions. In Sect. 6, the case of NGC 2264 is discussed in the context of PMS rotational evolution: its period distribution is compared to those of various clusters between 2 and 13 Myr, and their respective features are discussed as a function of mass with reference to the timescales of evolution and dispersal of protoplanetary disks; these observational results are then compared to recent semi-empirical models of rotational evolution of young stellar clusters in the presence of disk locking. Our results and conclusions are summarized in Sect. 7. Spatial coordinates, classification and rotation parameters for all sources investigated in this study are collected in Table 4 , reported after the end of the main paper text. Appendix B illustrates the impact that a specific choice of bin size and/or phase may have on a histogram representation of the period distribution derived for the cluster. Cases of objects with discrepant period measurements between this study and Affer et al. (2013) , objects with different periods reported in this study with respect to Cieza & Baliber (2007) , and the cases of objects periodic in the first CoRoT run (Affer et al. 2013 ) but aperiodic here or vice versa are discussed in Appendices C, D, and E, respectively.
Observations and sample selection
The CoRoT monitoring survey of NGC 2264 extended over 38 consecutive days from December 1, 2011 to January 9, 2012. The instrument specifications, as well as a detailed description of the observing run and of the subsequent photometry reduction, were provided in Cody et al. (2014) . Observations were carried out using one of the two CCDs originally dedicated to exoplanetary science for the main scientific program of the CoRoT mission. The instrument has a field of view (FOV) of 1.3˝ˆ1.3˝, quite adequate to fit NGC 2264 in its entire spatial extent. Time series aperture photometry is downloaded from the satellite only for objects in a pre-determined list of targets in the FOV; the final CoRoT sample obtained within CSI 2264 contains about 500 sources with robust evidence of membership, 1600 candidate members and 2000 field stars. All of the NGC 2264 light curves we have utilized in producing this paper are available as part of the CSI 2264 public data release in the IRSA archive 1 . The website provides users to both view the light curves and to download them, either individually or as the complete set of light curves in a single tar file. In addition, all scientific data issued from the CoRoT campaign can be found at the IAS CoRoT Public Archive 2 . The magnitudes of monitored objects range from 11 to 17 in the R-band. A time sampling of 512 s was adopted for most targets in the FOV, hence resulting in over 6300 datapoints per light curve. For a subset of objects, a high-cadence observing mode was adopted, with luminosity measurements every 32 s (corresponding to over 100,800 datapoints along the whole observing run). Extracted light curves were preliminarily inspected and corrected for systematic effects such as isolated outliers (flagged by the CoRoT pipeline and discarded in the analysis) or abrupt flux discontinuities due to detector temperature jumps (which occur in about 10% of light curves in our sample at the same observing epochs).
The sample of cluster members investigated in this study was built following primarily the member list provided in Venuti et al. (2014) . Membership and classification (WTTS vs. CTTS) criteria are listed in that paper and comprise photometric or spectroscopic Hα, X-ray emission, radial velocity and UV/IR excess diagnostics. The CoRoT counterparts of these sources were identified as their closest match within a radius of 1 arcsec around their spatial coordinates. The sample of members studied in A&A proofs: manuscript no. Venuti_rotation_NGC2264 Venuti et al.'s (2014) sample (mainly objects that fell outside the FOV probed in that paper, or brighter than the magnitude range explored), were selected from the CSI 2264 master catalog 3 of the region, upon the condition of being flagged as "very likely NGC 2264 member" (i.e., MEM=1; see Cody et al. 2014 ). The final sample of members thus selected for the present study of rotation comprises 500 4 objects, distributed in mass between "0.1 and 2 M d ; the ratio of disk-bearing (CTTS) to disk-free (WTTS) members is of about 40% to 60%.
In Figure 1 , the properties of the subsample of objects examined in this study (periodic or aperiodic as resulting from the analysis in Sect. 3) are compared to those of the full NGC 2264 population on a H-R diagram. Effective temperatures T e f f were assigned to each object based on their spectral type SpT and the SpT-T e f f conversion scale provided in Cohen & Kuhi (1979 , see also Luhman et al. 2003 ; bolometric luminosities L bol were derived from the dereddened 2MASS J-band magnitudes, using T e f f -dependent bolometric corrections from the scales of Pecaut 3 Available at http://irsa.ipac.caltech.edu/data/SPITZER/CSI2264/ 4 In the process of members selection, we rejected the object CSIMon-000661, that had been classified as member in Cody et al. (2014) and Venuti et al. (2014) . The reasons for its exclusion are the following: this star is located beyond the periphery of the molecular cloud in an RA-Dec diagram of the region; the CoRoT light curve amplitude for the source is of "0.02 mag, significantly lower than the typical amount of variability measured for these young stars; VLT/FLAMES data acquired for this object show no signs of Lithium absorption, which suggests that this star is more evolved; the previous classification as cluster member was based on Fűrész et al.'s (2006) radial velocity survey of the cluster, but the specific measurement for this object stood about 3-4 σ away from the typical cluster locus. & Mamajek (2013) and Bessell et al. (1998) . The reader is referred to Venuti et al. (2014) for further details.
It can be seen that objects appear to be spread over a broad range of L bol at any given T e f f . At first sight, this would indicate a significant age/evolutionary spread among cluster members, although a number of recent studies have stressed how separate effects such as individual accretion histories (Baraffe et al. 2009 ) or observational uncertainties (e.g., Pecaut & Mamajek 2016) may result in an artificial apparent age spread on a H-R diagram. Notably, Fig. 1 shows a population of about 25 objects, classified as cluster members and with no detectable periodic behavior, that define a lower boundary to the distribution of the NGC 2264 population on the diagram, well below the 5 Myr isochrone. About 55% of them are non-variable according to the Stetson's (1996) J-index (see Venuti et al. 2015) , while the remaining 45% are variable but exhibit an irregular light curve pattern. For some objects in this group, the classification as cluster member derives from literature studies based on a limited number of parameters (e.g., radial velocity), and the small additional information available for these cases from our campaign did not enable a reassessment of the membership issue. Therefore, some of them, amounting to a small percent of the total sample, may actually be field contaminants. However, sound evidence of being a young star (presence of disk, Lithium absorption) is available for other sources in this group; their position on the H-R diagram may then be affected by uncertainties on the derived stellar parameters, or by strong light attenuation by the circumstellar environment.
Period search
Due to their intense chromospheric activity, as well as magnetospheric accretion on disk-bearing objects, the surface of young stars looks far from homogeneous. In fact, a significant fraction (up to a few tenths) of it appears covered by uneven spots of different temperature relative to the photosphere. As the star rotates, different portions of the stellar surface appear on the line of sight to the observer, hence resulting in a modulation effect of the photospheric flux by surface spot seen at different phases. When objects are monitored during several rotational cycles, provided that the lifetimes of surface spots are longer than the timescales of interest, a periodicity is therefore expected to appear in the light curves, corresponding to the rotation period of the stars.
Several methods have been proposed to extract a periodic component from a time-ordered series of signal measurements. Some, more analytic, consist in decomposing the signal in waves at a given frequency; others, more empirical, are based on a comparative examination of the morphology of different segments of light curve, in units of trial period. We adopt here 3 different methods to search for periodic signals in our sample of light curves: the Lomb-Scargle periodogram (LSP), the autocorrelation function (ACF) and the string-length method (SL). A brief description and comparison of advantages and disadvantages of these methods is provided in Sect. 3.1, while details on their application to our analysis are provided in Sect. 3.2.
Methods

Lomb-Scargle periodogram
This approach (Scargle 1982; Horne & Baliunas 1986 ) is a revised version of the discrete Fourier transform method, applicable to datasets with uneven temporal sampling and invariant to a shift of time origin. The method is equivalent to least-L. Venuti et al.: CSI 2264: Investigating rotation and its connection with disk accretion in the young open cluster NGC 2264 Red, green and blue dotted curves superimposed over the periodogram in the middle left panel correspond respectively to the mean, mean+3 σ and mean+10 σ periodogram expected in case the mag fluctuations about the mean were due to random noise. Different colors in the lower right panel correspond to different rotational cycles. Due to the nearly symmetric shape of the main periodic feature around a less deep minimum at about the half-period, this last is erroneously detected as the highest power (best rotational period) when using the periodogram analysis; on the other hand, the correct periodicity is indicated by both the other methods.
squares fitting of sinusoidal waves at a test frequency ω to the observed light curve: the power spectrum of the light curve is reconstructed by varying the test frequency ω in the range of investigation.
The LSP method ensures more accurate period measurement than ACF and SL, as it is less sensitive to spurious points and long-term trends; in addition, it provides a straightforward estimate of the uncertainty on the derived periodicity, by measuring the Gaussian width of the highest peak in the periodogram. On the other hand, the explicit assumption that the periodic luminosity component can be described in terms of sine curves may contrast with the actual light curve shape observed for these young stellar objects. Moreover, this analytic approximation may lead to incorrect period identifications when the folded light curve is nearly symmetrical with respect to phase φ " 0.5, as illustrated by the case in Fig. 2. 
Auto-correlation function
Contrary to the LSP method, the ACF method (Box & Jenkins 1976; McQuillan et al. 2013) does not introduce any assumptions on the shape of the light curve. The method consists in exploring a range of trial periods and computing, for each of them, the autocorrelation coefficient r k of the light curve at lag k, where k is the tested period P in units of time cadence ∆t (P " k∆t):
where m i is the magnitude at time t i , m i`k is the magnitude at time t i`P , m is the average light curve magnitude and N is the total number of light curve points (equally spaced in time with step ∆t). The auto-correlation function is reconstructed by plotting r k as a function of P. When the P value tested matches the actual periodicity of the light curve, similar behaviors relative to the typical luminosity state m are expected at epochs i and i`k, hence resulting in large values of r k and a maximum in the ACF; conversely, small values of r k are found if matched epochs i and i`k are out-of-phase. By virtue of its direct reference to the actual shape of the light curve, the ACF technique allows more reliable identification of the peak corresponding to the true periodicity (as shown in Fig. 2) ; however, the need for an even time binning and for adopting a ∆P step for period investigation that is the same as (or a multiple of) the light curve ∆t reduces the accuracy of the extracted period value compared with the value of the corresponding peak in the periodogram.
String-length method
As with ACF, the SL method (Dworetsky 1983) does not introduce any assumptions on the shape of the light curve. The method explores a range of trial periods; for each P, light curve points are ordered in phase and the string-length L is defined as the sum of the lengths of line segments that connect successive points of the phased light curve on the (m, φ) diagram:
A preliminary rescaling of the observed magnitude range to the phase range is needed in order to assign equal weight to variations in the two variables for the computation of L. The best period P is the one that minimizes the value of L, while large L values will be found when the light curve is phased with an arbitrary period, hence resulting in a scattered cloud of points with no specific pattern on the phase diagram. This technique combines the advantages of being conceptually straightforward, directly related to the actual variability pattern of the light curve, and of being applicable to any temporal sampling; due to the greater sensitivity to spurious points and long-term trends, the overall SL curve as a function of P tends to be more noisy, notably at lower period values.
Implementation
A preliminary light curve "cleaning" routine was performed to reject all points with flag ‰ 0 from the CoRoT reduction pipeline 5 . A 10 σ-clipping selection was subsequently performed to discard isolated discrepant points.
Resulting light curves were then rebinned to 2 h. This time step choice was on one side motivated by the 1.7 h-long orbital period of the CoRoT satellite, smoothed out in this new data binning (see also Affer et al. 2012 Affer et al. , 2013 ; this also represents a suitable choice with respect to computation efficiency. We computed the expected break-up velocity V 6 for all sources in our sample with estimated mass M ‹ and radius R ‹ from Venuti et al. (2014) (86%) , and ascertained that this would result in minimum rotational periods longer than 2 h for the vast majority of objects. The typical break-up period we estimated across our sample is 0.5 days; less than 1% of the considered objects have V ą 2πR ‹ {2 h, while about 6% have V ą 2πR ‹ {4 h (where 4 h is the smallest period that can be investigated following the time step definition). Therefore, we assume that no significant bias on the detection of high-frequency periodicities is potentially introduced when performing the data rebinning to 2 h. Nevertheless, we did adopt a smaller temporal bin and inspected the light curves for periods shorter than 4 h in cases where no period was found from the procedure described in the following, and when hints of a possible short periodicity were conveyed from the light curve and/or the analysis. Only for one object was a significant period shorter than 4 h actually detected.
Rebinned light curves are processed afterwards for period investigation. Each light curve is examined three times, using a different technique at each step, as enumerated in Sect. 3.1. Periods explored range from 4 h (i.e., twice the data sampling) to 19 days (i.e., half the total duration of the time series). The upper limit of the period range selection ensues from the assumption that a periodic behavior can be reliably identified if this is repeated at least twice during the monitored time; however, we did extend the range explored to longer periods in cases where the light curve and/or period diagrams obtained provided some hints of a periodicity above 19 d. A step dP of 0.1 h is adopted to explore the period range with the LSP and the SL methods, while dP is set to the data cadence for the ACF method.
Period diagrams from LSP, ACF and SL methods are visually inspected and compared and the best period is selected as the one toward which the 3 diagnostic tools converge. The ACF and SL diagrams are used as the primary reference to locate the correct periodicity, for the reasons explained in Sect. 3.1; the period value is then extracted from the peak displayed in the periodogram at the position predicted from the other two methods. In case no significant features are present in the LSP diagram at this location, the period value is extracted from the SL diagram; an extensive comparison of values measured from different methods for non-ambiguous periodic variables allowed us to conclude that SL estimates are typically more accurate than ACF estimates and in very good agreement with those extracted from the LSP diagram. As illustrated in Fig. 2 and discussed in Sect. 3.1.3, peaks in the SL curve tend to be less sharp than in the ACF or the LSP. For this reason, to derive a more precise SL period, instead of taking the position of the first minimum, we extracted the position of each minimum in the diagram, then measured the distance between every pair of consecutive minima, and defined the best period as the mean of these distances.
To obtain a first indication of the significance of periodogram peaks, we adopted the following procedure (see also Affer et al. 2013; Flaccomio et al. 2005; Eaton et al. 1995) . We segmented 6 The break-up velocity is defined as the tangential velocity at which the centrifugal force perceived by an element of mass at the surface of the star equals the gravitational force that keeps that mass element bound to the star: V " p2{3q 1{2 a GM ‹ {R ‹ , where G is the gravitational constant and the factor (2/3) 1{2 accounts for the polar-toequatorial radius ratio when the surface rotates with the critical velocity (cf. Gallet & Bouvier 2013; Ekström et al. 2008) .
the original light curve in blocks of 12 h, shuffled them and reassembled them in a random order. Every potential periodicity longer than the time length of the segments is destroyed in the process, hence resulting in a test light curve where the main contribution to variability arises from photometric noise or shortlived events like flares and episodic accretion. The periodogram analysis is then performed on this "stochastic" light curve and the whole routine is iterated 1 000 times. The noise periodogram is thus defined point by point as the mean power measured across the 1 000 simulations at the given ω value, while the variance is used to define confidence levels above the mean. The true periodogram of the source is therefore compared to these curves in order to get an indication of the confidence associated with the period detection/non-detection. This is illustrated in the middle panel of Fig. 2 . It is important to note that the confidence levels estimated with this procedure might be somewhat optimistic: irrespective of its periodic or non-periodic nature, the variability of T Tauri stars exhibits a characteristic coherence timescale of a few to several days (see, for instance, the analysis of variability self-correlation in non-periodic TTS presented in Percy et al. 2006) . When 12 h-long light curve segments are reshuffled, this coherence in the light curve is destroyed together with the rotational modulation; hence, the procedure may result in an underestimation of the "noise" component that affects the periodogram results.
Another statistical indicator of the degree of periodicity in the light curve is the parameter Q introduced in Cody et al. (2014) . This measures how well a periodic trend at the period extracted can describe the original light curve. Q is defined as
where σ is the photometric measurement uncertainty, rms raw is the level of rms scatter in the original light curve, and rms resid is the level of rms scatter in the light curve after subtraction of the periodic trend (which is reconstructed by generating a smoothed phase-folded curve and overlaying it to the original light curve, repeating it once per period). Q therefore measures how close the light curve points are to the systematic noise floor before and after subtraction of the phased trend from the light curve. Following the scheme of Cody et al. (2014) , Q ă 0.11 indicates strictly periodic 7 light curves, 0.11 ă Q ă 0.61 corresponds to quasi-periodic 8 light curves, and Q ą 0.61 indicates likely aperiodic light curves, with spurious period determination.
A careful inspection of phase-folded light curves was performed to reinforce the statistical period validation. This visual inspection is especially useful to decide on borderline cases or to select the correct periodicity in case of multiple peaks, as well as to check the accuracy of periodogram estimates (imprecise values will translate to offsets between different cycles in the phase-folded light curve). On the sole basis of individual diagrams such as Fig. 2 , we sorted all objects in the sample into periodic or aperiodic; we then combined this visual classification with the results of the Q statistics. In nearly 80% of the total, the results of the two selections were consistent (i.e., objects visually classified as aperiodic have Q ą 0.61 and vice versa); in Notes. Morphology class = classification of the light curve variability type; each class is briefly defined in Appendix A of this work. Count = number of objects in the sample with light curves falling in the corresponding category (a given object is here attributed to a single category, namely the one that best describes the dominant variability features of its light curve, although some cases may also exhibit traits of a different morphology class). c/w = number of CTTS / number of WTTS among objects in the corresponding morphology class. % tot. = percentage of objects in the sample that fall in the corresponding morphology class. % Per = percentage of objects in the corresponding morphology class which are found to be periodic. (*) Non-sorted light curves (unclassifiable variable type or affected by, e.g., temperature jumps).
the remaining cases, a final decision was taken upon further visual inspection. A few of us (LV, JB, AMC, JRS) examined the period diagrams for these objects independently, and listed what sources they thought were periodic or aperiodic. These results were then put together to assign or discard a period estimate to a given source with a certain degree of confidence.
Results
At the end of the analysis detailed in Sect. 3, a definite periodicity is detected for 309 objects, i.e., for 62% of the objects in our sample. Three of these periodic sources (CSIMon-000256, 6079, 6465) are eclipsing binaries; another 34 exhibit more than one significant and distinct periodicity (not harmonics).
Among the 272 objects for which a single periodicity is detected in our analysis, several light curve types can be distinguished. As extensively discussed in Cody et al. (2014) , the diversity in light curve morphology, very nicely highlighted in the NGC 2264 sample thanks to the accuracy and time coverage of the CoRoT dataset, likely reflects a variety of dominant physical mechanisms. Following the scheme of Cody et al. (2014) , in Appendix A we provide a brief list of the main variable classes identified among cluster members analyzed in this study, and of the relevant physical processes which may dominate the detected light variations. An illustration of the various classes is shown in Fig. 3 in the main text; Table 1 provides a synthetic view of the statistical occurrence of each variable class across the NGC 2264 population, of their distribution between CTTS and WTTS, and of what fraction of objects belonging to each class is found to be periodic.
Among WTTS, a periodicity frequency of about 70%˘9% is detected; among CTTS, the frequency is of about 58%˘6%. These numbers comprise both light curves that are "strictly periodic", i.e., that exhibit a stable pattern with shape that evolves minimally over the monitored span, and those that are "quasiperiodic", i.e., light curves with stable period but with changes in shape and/or amplitude from cycle to cycle (see the upper panels of Fig. 3 for a comparative illustration of the two). The fraction of NGC 2264 members, and, among these, of CTTS found to be periodic from the CoRoT sample are consistent with the fraction of periodic-to-all sources recovered in the study of Affer et al. (2013) . Conversely, the fraction of WTTS with detected periodicity among the sample investigated in Affer et al. (2013) is larger ("88%) than that recovered here. This may be due to the fact that the sample of cluster members investigated here includes more stars in the low mass range than the sample investigated in Affer et al. (2013) ; at fainter magnitudes, the impact of photometric noise is more considerable and may blur the intrinsic modulated pattern of the light curve. Indeed, the fraction of sources that would be classified as non-variable above the noise level, based on, e.g., Stetson's (1996) J-index (see Venuti et al. 2015) , is higher at fainter magnitudes. Of the 81 WTTS in our sample for which no periodicity is detected, 41 had no data in the previous CoRoT campaign, 23 had an aperiodic light curve in 2008 as well (Affer et al. 2013 ), 5 (not included in the study of Affer et al. 2013 ) exhibit a flat-line light curve in 2008, 7 were classified as periodic in Affer et al. (2013) , and 3 (not included in Affer et al. 2013) show some indications of periodicity in their CoRoT light curves from 2008. The last 10 cases are discussed in detail in Appendix E.
A direct estimate to the uncertainty on period measurements from the LSP can be derived as
where δν = 0.0096 is the average sigma width of a Gaussian fit to the periodogram peak across our sample and P is expressed in days. The resulting typical uncertainty amounts to δP " 0.15 days for periods on the order of 4 days and δP " 1 day for periods on the order of 10 days. This, however, appears to be very conservative, especially for longer period sources, compared to the actual accuracy we can reach thanks to the time coverage and cadence of the CoRoT light curves. A "theoretical" estimate of the uncertainty associated with the measured periods, based on the time sampling and number of cycles occurring in the light curve, can be derived following Mighell & Plavchan (2013) . For a light curve of length L and period P, we can compute the number M = int(L/P) of complete cycles contained in the light curve. The light curve will then contain M`1 maxima/minima, at positions t 1 . . . t M`1 . The light curve period can be defined as the average distance between two consecutive maxima/minima in the light curve:
If the light curve points are evenly spaced with a time step dt, the position of each maximum/minimum has an associated uncertainty σ " dt{2. Therefore, by applying standard error propagation techniques, the uncertainty on P is given by
where σ = 0.0417 d in our case. This corresponds to an uncertainty of 0.02 d for periods of 4 d and of 0.03 d for periods of 10 d. Uncertainties estimated from Eq. 5 are slightly larger than those derived from Eq. 4 for periods shorter than 1 d, and significantly smaller for periods of several days. The reasoning adopted to derive Eq. 6 assumes that the light curve is strictly periodic, Article number, page 7 of 45 A&A proofs: manuscript no. Venuti_rotation_NGC2264 so that the only uncertainty on the position of maxima/minima derives from the non-sampled time interval between two consecutive light curve points. However, this is not the case for the majority of light curves in our sample. Therefore, for illustration purposes we will use here error bars derived from Eq. 6, but we note that realistic uncertainties on the measured periods probably lie between the estimates from Eq. 6 and those from Eq. 4. The period measurements derived in this study are reported in Table 7 . In Fig. 4 , these values are compared to the results of the similar investigation performed in Affer et al. (2013) from the first CoRoT run on NGC 2264, and those reported in Cieza & Baliber (2007) , which in turn refer to the studies performed in the optical by Lamm et al. (2004) and Makidon et al. (2004) .
The intersection between the sample of periodic sources with single periodicity found in this study and that of periodic variables listed in Affer et al. (2013) consists of 117 sources. Among these, 16 (14%) have different period estimates between the two studies (i.e., the estimate of period derived here for these objects is not consistent with Affer et al.'s estimate within the error bar associated with our measurements following the prescription of Eq. 4). These cases are individually illustrated and discussed in Appendix C; several of them are harmonics at half or double period.
Similar considerations are reached when comparing our period estimates to those reported in Cieza & Baliber (2007) . The common sample in this case comprises 145 objects, out of which 24 (17%) have different period estimates in the two studies. A significant fraction of these outliers with respect to the equality line on Fig. 4 (right panel) lies along a horizontal line at P (Cieza & Baliber 2007 )"1 d; the corresponding periods derived in this study range from about 1 d to 12 d. As Cieza & Baliber's (2007) period distribution is based on photometric measurements performed from the ground, these 1-day periods may actually be spurious detections (aliases) linked to the limited time sampling and day-night alternance which affect observations from the ground. A similar effect was identified in Affer et al. (2013) , who compared their own results to those published by Lamm et al. (2004) .
In the following, we will assume that, when we detect a single photometric period in the light curve, this corresponds to the Davies et al. 2014) . Error bars along the x-axis are computed following Eq. 6. Multi-periodic objects are not shown on these diagrams. rotation rate of the star 9 ; we will then focus on the subsample of 272 periodic sources mentioned earlier to investigate the rotation properties of cluster members. A detailed analysis of EBs (see, e.g., Gillen et al. 2014 ) and multi-periodic members of NGC 2264 is deferred to subsequent papers. Figure 5 illustrates the period distribution inferred here for the NGC 2264 population. A bin size of 1 d was adopted for the histogram, slightly smaller than the 1.4 d value that would be derived when applying Freedman & Diaconis's (1981) rule. This appears to be a reasonable choice in terms of resolution and statistics, and it is also the bin size commonly used in the literature, which enables direct comparison of the resulting period distribution with those inferred from analogous studies. Although the baseline of 38 days covered by the CoRoT light curves would enable robust detection of periodicities of up to 19 days, the vast majority of periodic cluster members have periods shorter than 13 days. This is similar to the period distribution inferred in the study of Affer et al. (2013) from the previous, 23-day long CoRoT observing run on NGC 2264.
Period distribution
A prominent feature of the period distribution found here is the presence of two peaks on top of a smooth distribution. The overall shape of the distribution can be described as a gamma or a Weibull distribution 10 (Weibull 1951) , with a mean of 5.2˘0.6 d and a variance of 13˘3 d. These density distribu-9 Artemenko et al. (2012) argue that, for a fraction of CTTS, the periodicity that we may detect in the brightness variations is not driven by temperature inhomogeneities at the surface of the star, but rather by dust structures in the disk rotating at the Keplerian velocity. 10 The curve fitting was performed using the fitdistrplus package built for the R environment, and employing the maximum likelihood estimation technique to assess which probability distribution provides the best fit to the observed distribution of values.
tions have an asymmetric shape, with a concave, rapidly rising profile between zero and the peak of the distribution, and a convex, gradually decreasing profile afterwards. Regarding the two peaks observed in Fig. 5 , the first occurs around P"1-2 days, the second at P"3-4 days. This is followed by a gradually decreasing tail of longer periods. When reducing the bin size from 1 d to 0.5 d to better resolve the structure of the peaks, these appear to be centered around P"1.3 d (1-1.5 d) and P"3.3 d (3-3.5 d) respectively; the computed˘σ width for each of the peaks is 0.8 d. These numbers imply that the two peaks would no longer be resolved, but start to merge, if we adopted a bigger bin size (e.g., 1.5 d). Similarly, if we retained a bin size of 1 d but shifted the bin centers along the x-axis on Attridge & Herbst (1992) were the first to report evidence of a similar feature (two peaks) in the period distribution of a very young stellar cluster (the 2 Myr-old Orion Nebula Cluster, ONC). To explain this observational feature, the authors suggested that, contrary to the rapid rotators, the slow rotators may be experiencing magnetic braking through interaction with their circumstellar disk. This suggestion was later confirmed by Edwards et al. (1993) . The bimodal period distribution for the ONC, as defined by Attridge & Herbst (1992) , was strengthened in the follow-up study of Choi & Herbst (1996) , and its nature was later explored by Herbst et al. (2001 Herbst et al. ( , 2002 with special reference to stellar mass. To assess a possible bimodal nature of the period distribution we obtain here for NGC 2264, we computed several statistical parameters, such as the kurtosis of the distribution (e.g., DeCarlo 1997) and the bimodality coefficient BC, which is in turn based on the kurtosis and skewness of the distribution (SAS Institute Inc. 2012). However, the high degree of asymmetry of the distribution and the presence of a heavy (2004) from Affer et al. (2013) from this study Fig. 5 . Period distribution for the NGC 2264 cluster, as inferred from the population investigated in this study (black filled bars). Only single-period objects are considered here to build the histogram. The inset box to the right of the main period histogram shows the period distribution that would be derived, for the cluster, when completing our sample with the period detections obtained, in order of preference, by Affer et al. (2013, shaded in red) or Lamm et al. (2004, cross-hatched in black) for additional cluster members with no light curves in the CoRoT 2011 dataset.
tail of slow rotators strongly affect the numerical values of these parameters, thus rendering the test inconclusive. Similarly, we attempted to apply the dip test statistics formulated in Hartigan & Hartigan (1985) and Hartigan (1985) 11 , which consists in computing the unimodal distribution that best approximates the empirical cumulative distribution function observed in our sample and measuring the maximum difference between this fitting unimodal distribution and the empirical distribution. Again, the results of the test do not allow us to formally reject the null hypothesis that the observed distribution is unimodal, with a pvalue of 0.26. Nevertheless, the presence of two peaks appears to be sound in the empirical period distribution for the cluster in Fig. 5 ; we will therefore abstain from calling this distribution 11 We used here the version of the test implemented in the diptest package for the R environment.
bimodal, but retain the observational evidence of two peaks, and examine its possible implications in the context of young stars and rotational evolution in the following.
The inset panel in Fig. 5 shows a more populated period distribution for the cluster that would be obtained if we integrate our sample (reported in Table 7 ) with the periods derived for additional cluster members by, in order of preference, Affer et al. (2013) or Lamm et al. (2004) 12 . To complete the sample, we cross-correlated the full list of confirmed members from the CSI 2264 campaign ) with the lists of periodic sources provided by Affer et al. (2013) and Lamm et al. (2004) , and selected common objects with no CoRoT light curve from the 2011 dataset, hence not included in the period analysis performed in this study. As can be observed, the addition of a few tens of objects (35) from the Affer et al.'s (2013) sample does not significantly modify the overall shape of the period distribution obtained from the present study. A far larger sample of additional periodic sources (190) can be retrieved from Lamm et al. (2004) ; about 75% of them have R-band magnitude fainter than 17 (limiting magnitude for the CoRoT sample, as mentioned in Sect. 2). When adding measurements from Lamm et al. (2004) to the period distribution obtained here, the first peak (P=1-2 d) is amplified relative to the second (P=3-4 d). However, this may be affected by a non-negligible fraction of aliases among the additional "1 d rotators detected by Lamm et al. (2004) in their ground-based campaign; indeed, about 10% of the objects common to this study and to Lamm et al.'s study, with assigned period between 1 and 3 days in the latter, are found to be slower rotators from the analysis of the CoRoT light curves (as illustrated in the right panel of Fig. 4 ).
Period distribution: CTTS vs. WTTS
We will now focus on the periods derived in this study for the sample of NGC 2264 members included in the CoRoT 2011 campaign. To investigate further the nature of the period distribution shown in Fig. 5 (main panel), we follow the member classification proposed in Venuti et al. (2014) and explore the rotation properties of cluster members with active accretion disks (CTTS) and of those without evidence of ongoing accretion and circumstellar material (WTTS) separately. The comparison between the period histograms obtained for the two classes is illustrated in Fig. 6 
(left panel).
A visual inspection of the two distributions suggests that CTTS exhibit distinct rotation properties from WTTS. WTTS' distribution peaks at 1-2 d, and steadily decreases toward longer periods, with hints of a second, less prominent peak between 3 and 4 d. Conversely, very few CTTS are found to exhibit rotation periods shorter than 2.5 d; their distribution in periods exhibits a single peak around P"3-4 d, and then decreases toward longer periods. A Kolmogorov-Smirnov (K-S) test (Press et al. 1992) applied to the two populations supports this idea of statistically distinct rotation properties for the two groups. Indeed, the test yields a probability of only 4ˆ10´3 that the two distributions in period corresponding to CTTS and WTTS are extracted from the same parent distribution. This is also consistent with the conclusions presented in previous studies of rotation in NGC 2264 (e.g., Cieza & Baliber 2007; Affer et al. 2013 ).
If we compare the left panel of Fig. 6 with the overall period distribution of NGC 2264 shown in Fig. 5 , the following inferences can be drawn: i) the peak at short periods (1-2 d) observed in the global distribution is clearly associated with WTTS; ii) the second peak observed in Fig. 5 (P=3-4 d) takes contribution from both CTTS and WTTS. These results provide a clear indication of a statistical connection between disk and rotation properties across the cluster. The vast majority of fast rotators found among cluster members are objects which lack disk signatures. Fig. 5 and Fig. 6 clearly illustrate that the first peak in the overall period distribution is associated with disk-free objects, and contains about 21% of WTTS with detected rotation period. Conversely, the second peak in Fig. 5 contains about 15% of the periodic WTTS and 21% of the periodic CTTS in our sample (6% and 11%, respectively, if we count objects in the peak only above the underlying "continuum"). This is also illustrated in the cumulative distributions in period relevant to the total, CTTS, and WTTS samples, shown in Fig. 7 .
Period distribution as a function of stellar mass
In their review on the rotation properties and evolution of low-mass stars, Herbst et al. (2007) discuss a possible massdependence of the measured period distributions for young stars. Observational results in favor of this point were reported by Herbst et al. (2001) for the ONC ("2 Myr) and by Lamm et al. (2004 Lamm et al. ( , 2005 in NGC 2264. In both cases, although quantitative differences exist between the rotation properties derived for the two clusters, a bimodal period distribution was derived by the authors for cluster members more massive than "0.4 M d , whereas lower-mass objects appear to spin faster on the average and define a possibly unimodal period distribution (see Fig. 2 of Herbst et al. 2007) .
To test a possible mass-dependence in our data, we divided our sample into three similarly populated mass 13 subgroups:
The separate period distributions for these three mass groups are shown in the right panel of Fig. 6 . A simple visual inspection of these histograms would suggest that the measured period distribution does evolve, to a certain extent, as a function of mass: a peak of fast rotators (P=1-2 d) dominates the distribution in the lowest-mass group, albeit with a significant dispersion of objects at slower rotation rates; as stellar mass increases, this feature becomes less important compared to an emerging peak at slower rotation rates (P=3-4 d). However, no statistical support to this inference arises from the application of a two-sample Kolmogorov-Smirnov (K-S) test, applied to the lowest-mass and highest-mass groups (a p-value of 0.3 is obtained from the test, which does not allow us to discard the null hypothesis that the two populations are extracted from the same parent distribution) 14 . This result does not change when considering CTTS and WTTS separately: both groups of objects exhibit similar mass properties, as ascertained by comparing their respective cumulative distributions in mass; no statistically supported evidence of a mass dependence in the rotation properties is inferred in either case 15 . A key physical quantity to investigate the rotational evolution of stars is the specific angular momentum j star (see, e.g., . This is linked to the period P and radius R ‹ of the star according to the relation
where k 2 is the radius of gyration in units of stellar radius. In Figure 8 , we show the values of j star computed for objects in our sample as a function of mass. In the computation we assumed a constant value of 0.203 for k 2 , following Vasconcelos & Bouvier (2015) and their Figure 12 for a cluster aged of "3 Myr. Herbst et al. (2001) investigated the j star distribution of objects 13 Mass estimates are from Venuti et al. (2014) . 14 We adopted here the version of the test implemented in the stats package for the R environment, and assuming as alternative hypothesis that the cumulative distribution function of the first population (the lower-mass group) lies above that of the second population (the highermass group). 15 If we repeated the analysis on a possible mass dependence after integrating our sample with additional periodic sources from Lamm et al. (2004) , which would mostly fall in the M ‹ <0.4 M d bin, the null hypothesis that objects below 0.4 M d and objects above 1 M d share the same rotation properties would be rejected to the 5% level. However, this result may be affected by aliases at P"1 d detected from the ground, which would artificially increase the strength of the peak of fast rotators. in the ONC, and found that j star is roughly independent of stellar mass over the mass range 0.1-1 M d . Since lower-mass stars are smaller (i.e., have smaller radii) than higher-mass stars, this result suggests that they tend to rotate faster. The j star vs. M ‹ distribution we derive here for NGC 2264 is consistent with this picture: no correlation is observed between the two quantities, but the same range of j star values is spanned at any given mass. This would support the visual inference from Fig. 6 of some mass dependence in the rotation properties of NGC 2264 members, with lower-mass objects exhibiting on average shorter rotation periods than higher-mass objects.
The third mass group (M ‹ ą1 M d ) includes the critical mass (M ‹ "1.3 M d ) at which a break in rotation properties is observed among solar-type stars (Kraft 1967) . Objects more massive than this threshold have largely radiative interiors, and spend little time along the convective track during their PMS evolution. Convection plays an important role in braking the stars, by powering stellar winds that carry away angular momentum. Massive stars, which are deprived of this mechanism, experience a different rotational evolution from less massive stars with deep convective envelopes, and reach the ZAMS with rotational velocities nearly an order of magnitude higher than the latter. To check whether Thus, the null hypothesis that the period distributions associated with the two mass groups are extracted from the same parent distribution is rejected at the 10% significance level, but not at the 5% significance level. Figure 9 illustrates the period distribution for NGC 2264 members which fall respectively into the strictly periodic (spotted), quasi-periodic (spotted), dipper, burster and stochastic light curve classes, defined based on the morphology of the CoRoT light curves (Appendix A). The first two classes include both WTTS and CTTS, whereas the classes of dippers, bursters and stochastic light curves are specific to disk-bearing objects. Among sources with spot-dominated light curves, a larger fraction is recovered in the quasi-periodic class than in the strictly periodic class (104 vs. 75). In addition, the CTTS/WTTS ratio differs significantly between the two classes: less than 10% of strictly periodic sources are CTTS, while nearly 30% of spotted sources with quasi-periodic light curves are CTTS. This can be understood if we consider that the light curves of CTTS typically result from a variety of co-existing mechanisms (spot modulation, spot evolution, accretion); therefore, their morphology may exhibit rapid changes, even when the periodicity does not evolve during the monitored time. Conversely, the light variations of WTTS are driven by cold spot modulation; these spots are often stable and long-lived, thus leading to stable light curve morphology on tens or hundreds of rotational cycles. Nevertheless, a significant fraction of WTTS falls into the definition of quasi-periodic light curves; this may reflect spot evolution or migration on timescales of a few stellar periods.
Period distribution as a function of variability class
The different ratio of CTTS to WTTS in the two classes is also reflected in the properties of the relevant period histograms. The period distribution of purely periodic light-curve objects include more fast rotators than the group of quasi-periodic light curves, and conversely, more slow rotators are included in the quasi-periodic sample than in the strictly periodic sample. No fast rotators have light curves in the dipper, burster or stochastic categories; the periods measured among these latter samples span a broad range of values, from a few to several days. Only
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Are CTTS periods similar in nature to WTTS periods?
The derivation of stars' rotation periods from monitoring their photometric variability relies on the assumption that these light variations are dominated by localized temperature inhomogeneities at the stellar surface. These inhomogeneities would then modulate the apparent luminosity of the stars as these spin on their axes, with a characteristic timescale of variability equal to the rotation period of the star. Recently, Artemenko et al. (2012) questioned the validity of this assumption as a general rule for CTTS. The authors examined the light curve of about 50 CTTS in the photometric catalog of Grankin et al. (2007) to derive their rotational periods via power spectrum analysis. The rotational period of a star can be expressed as
where v is the equatorial velocity, i is the inclination 16 of the system, and v sin i is the projected rotational velocity, measured from spectroscopic observations. An estimate of sin i can then be derived from Eq. 8, if P, v sin i and R ‹ are known. If the value of period P we measure is photospheric, then estimates of sin i À 1 ought to be derived from Eq. 8. Instead, sin i estimates larger than 1 were obtained by Artemenko et al. (2012) across their sample of CTTS. Objects were found to trace a unique sequence on the sin i vs. P diagram, with sin i tending to increase with P (see their Fig. 2 ). The authors suggested that in some cases, the 16 Angle between the rotation axis and the line of sight to the observer. measured photometric periods for CTTS do not arise from surface spot modulation, but from clumps of dust in the disk which periodically occult the stellar photosphere, at a rate corresponding to the Keplerian orbit where they are located in the disk. In this case, the formal application of Eq. 8 to derive sin i will yield values larger than 1, since the measured period originates at distances larger than the stellar radius (unless they arise from the co-rotation radius, or close to it).
Conversely, there should be no ambiguity on the nature of the photometric periods measured for disk-free young stars; therefore, the same test, applied to a sample of WTTS, is expected to produce estimates of sin i systematically lower than 1, conditional upon the accuracy of the stellar parameters determined for those objects.
Here we follow Artemenko et al.'s (2012) approach to test the nature of the photometric periods we measured for NGC 2264 members, and invert Eq. 8 to derive sin i estimates for CTTS and WTTS in our sample. Values of sin i are calculated as
where P is expressed in days, v sin i is in km s´1, and R ‹ in solar radii R d . We use R ‹ estimates from Venuti et al. (2014) , while v sin i values are retrieved from the study of Baxter et al. (2009) . For this test, we selected 51 CTTS and 81 WTTS, common to the samples of Venuti et al. (2014) and Baxter et al. (2009) , with single periodicity detected in the present study. The results of this computation are shown, as a function of period, in Fig. 10 . When comparing the v sin i distributions for CTTS and WTTS in our sample, no statistically significant difference between the two is found, although the average v sin i is larger in the WTTS group than in the CTTS group. A similar analysis was presented by Rhode et al. (2001) for the PMS population of the ONC. In the majority of cases (84%) across our sample, values Venuti et al. (2014) . The sin i = 1 level is marked as a black dashed line. Horizontal error bars are derived following Eq. 6. Vertical error bars are derived by standard error propagation on Eq. 9. A typical uncertainty of 5 km/s is assumed on v sin i; this corresponds to the median difference between v sin i estimates by Baxter et al. (2009) and those derived by S. Alencar from CSI 2264 VLT/FLAMES observations, for objects common to the two samples. Similarly, a typical uncertainty of 0.2 R d is adopted for R ‹ , that is the median difference between R ‹ estimates obtained by Venuti et al. (2014) and those of Rebull et al. (2002) , for objects in common.
of sin i ď 1 are obtained, within the associated uncertainties, from Eq. 9. This result is similar to that obtained by Artemenko et al. (2012) . As noted by the latter, only a few points appear at values of sin i ă 0.2; this is a selection effect due to the fact that for low inclinations (nearly pole-on objects), the photometric modulation is difficult to detect. A number of objects fall above the sin i " 1 line on Fig. 10 ; interestingly, a fraction of both the CTTS (6/51, or 11.8%) and the WTTS (15/81, or 18.5%) groups are found in this region of the diagram. For both CTTS and WTTS, the average sin i computed neglecting sources with sin i estimates larger than 1 is ă sin i ą" 0.6˘0.2; this value is consistent with that found by Rhode et al. (2001) for the ONC. In at least a few of the 6 CTTS with sin i estimate larger than 1, this result may be severely affected by an erroneous v sin i measurement: largely discrepant (lower) v sin i values from Baxter et al.'s (2009) estimates are derived, for the same sources, from VLT/FLAMES spectra obtained within the CSI 2264 campaign. Among the 15 WTTS with sin i ą 1 on Fig. 10 , an assessment of the impact of uncertainties on v sin i measurements is more complicated, as not many of them have additional v sin i derivations for comparison purposes. In the few cases where such a comparison is possible, the v sin i measurements from different sources are not too dissimilar from each other, and the estimate of sin i obtained is only marginally larger than 1; the discrepancy here can then likely be explained in terms of uncertainties on the parameters adopted for the sources. While in a few cases it may be possible that these objects with no sign of accretion might still possess some material in the circumstellar environment, most of these objects exhibit strong evidence of being disk-free young cluster members. Therefore, uncertainties on the nominal parameters used for the sin i computation are likely to affect significantly the results shown in Fig. 10 . At any rate, the conclusion we may derive from this Figure is that, for the majority of the objects investigated here, the period measured from the CoRoT light curves is likely photospheric, and hence corresponds to the spin rate of the star. Thus, the distribution in sin i appears to be independent of the accretion status of the objects.
The rotation -accretion connection in NGC 2264
Fig . 6 illustrates that statistically distinct, though overlapping, behaviors in rotation properties characterize cluster members with accretion disk signatures with respect to disk-free sources. Namely, a pronounced peak of fast rotators (P"1-2 d) appears in the period distribution pertaining to WTTS, whereas very few fast rotators are found among objects still surrounded by disks.
As discussed in Sect. 1, the impact of accretion disks on the early rotational evolution of young stars is an issue that has long been debated over the past decades. Observational evidence has been gathered in support of a positive connection between the presence of disks and the measured rotation rates within coeval populations of young stars; objects still surrounded by disks, and hence presumably in magnetospheric interaction with them, appear to rotate more slowly, on the average, than young stars whose disks have already disappeared. A number of studies (e.g., Herbst et al. 2002; Rebull et al. 2006; Cieza & Baliber 2007) have shown that the frequency of objects with near-infrared excess (indicative of dusty inner disks) increases with the rotation period, hence lending credit to this "disk-locking" scenario. Moreover, recent studies using Monte-Carlo simulations to investigate the early rotational evolution of low-mass stars (e.g., Vasconcelos & Bouvier 2015) have shown that, starting from the disk-locking assumption, the period distributions observed for young clusters of different ages can be reproduced reasonably well. However, as illustrated in Sect. 1 (see also Bouvier et al. 2014) , no definite consensus has yet been reached on this issue, and which mechanisms provide an effective source of braking in young stars is still a matter of controversy.
A&A proofs: manuscript no. Venuti_rotation_NGC2264 Fig. 11 . UV excesses measured for NGC 2264 cluster members as described in Venuti et al. (2014) are compared to their measured rotation periods, reported in Table 7 of the present study. Filled dots correspond to disk-bearing objects (CTTS), while disk-free WTTS are indicated as empty blue squares. The different color groups among CTTS correspond to different variable classes, as detailed in the legend (green indicates light curves dominated by flux dips; orange corresponds to stochastic bursters; grey is used for CTTS with light curves dominated by spot modulation; red corresponds to other CTTS members whose light curve is not ascribed to any specific class among the ones listed before). A cross superimposed on a dot or square signifies that the corresponding object is a known spectroscopic binary.
The magnetospheric accretion process plays an important role in regulating the star-disk interaction during the first few Myr of a stellar lifetime. Measurements of the infrared excess of YSOs, although providing diagnostics of the presence of dusty disks around these young stars, are not able to probe the rate of mass accretion onto the central source. UV excess measurements are, instead, a direct indicator of accretion, as they probe the hot excess emission which arises from the accretion shock at the stellar surface. First studies to investigate a possible correlation between UV excesses and rotation periods include Rebull (2001) in Orion and Makidon et al. (2004) in NGC 2264, although no conclusive evidence could be drawn from those analyses. Later, Fallscheer & Herbst (2006) determined UV excess estimates for a sample of 95 NGC 2264 members with known rotation periods from the studies of Makidon et al. (2004) or Lamm et al. (2004) , and compared these two quantities to show the presence of an overall association between the two: slowly rotating stars appeared to be more likely to have large UV excesses (and hence, strong ongoing accretion activity) than faster rotators.
In Fig. 11 , we report the same comparison for the broader sample available for NGC 2264 from the CSI 2264 campaign. The sample of members and their classification as CTTS or WTTS, as well as their measured UV excesses, follow from the CFHT-based study of Venuti et al. (2014) 17 ; the rotation periods are those derived in the present study and reported in Table 4 . WTTS distribute horizontally across the whole period range, and exhibit no UV excess within an uncertainty of˘0.2 mag. Conversely, very few CTTS are found at periods shorter than 1.5-2 days; furthermore, a dearth of strong accretors (UV excess larger, i.e., more negative, than -0.75 mag) with short rotation periods is clear in the diagram. The features of Fig. 11 do not exhibit any mass dependence, as the same qualitative diagram is recovered when splitting the sample into the three mass bins indicated on the right panel of Fig. 6 . These features recall the analogous diagram presented in Rebull et al. (2006, Fig. 3 ), which juxtaposes rotation periods and mid-IR excesses measured from Spitzer/IRAC data, in the case of Orion. There, the authors found that objects with clear disk signatures stand out with respect to those with no IR excess, and are clustered at periods longer than "1.8 days; conversely, objects with no evidence of disk were 17 See in particular Eq. 9 of that paper for details on how the UV excess measurements were obtained; see also discussion in Sect. 3.2 of Venuti et al. (2015) regarding the significance of such UV excess measurements for WTTS.
found to span the whole range in periods (from "0.3 to 10 days), as is the case here.
When exploring the distribution in 9 M acc 18 of CTTS as a function of period, no 1-to-1 correspondence between the two quantities is found; rather, at a given period, 9
M acc values can span over an order of magnitude. This variety of 9 M acc regimes at a given P may reflect distinct accretion mechanisms (Romanova et al. 2004; Kulkarni & Romanova 2008) , or correspond to different accretion histories (Matt et al. 2012) , perhaps linked to varying properties of the circumstellar environment for individual objects (e.g., disk masses; see Manara et al. 2016) . The fact that a given rotation period includes objects with diverse accretion rates may indicate that distinct components of the star-disk environment are predominant in determining the two sets of properties: the accretion rate is ultimately regulated by the small-scale magnetic field structure in proximity of the stellar surface; conversely, the star-disk coupling and angular momentum transfer is dominated by the large-scale, ordered dipole component of the stellar magnetosphere (see discussion in Gregory et al. 2012) . The fact that the magnetic field strength may vary from object to object was also suggested by Muzerolle et al. (2001) to explain the lack of an observed correlation between P and 9 M acc , which would be expected from a theoretical standpoint if higher accretion rates tend to push the disk truncation radius R T closer to the star (cf. Sect. 5.1.1 and Eq. 10).
Disk-locking?
As discussed in Sect. 1, one of the most debated issues regarding angular momentum regulation in young stars concerns the role played by star-disk interaction, and the possible magnetic star-disk locking that would prevent the objects from spinning up during the disk accretion phase. In this Section, we explore some main concepts related to the magnetospheric accretion picture and test their agreement with the observational parameters measured for NGC 2264 disk-bearing objects.
Truncation radius
A critical parameter in the star-disk magnetospheric interaction is the location of the truncation radius R T , i.e., the radial distance from the star at which the inner disk is disrupted by the stellar magnetosphere. Another important distance in the picture of magnetospheric accretion is the corotation radius R C , that is, the radius of the disk annulus where the Keplerian velocity of the disk equals the angular velocity of the star. Disk material orbiting the star at distances RăR C rotates faster than the star, while at radial distances RąR C the magnetosphere threading the disk rotates faster than the corresponding Keplerian orbit in the disk. Thus, the outcome of the magnetosphere-disk interaction will depend on the mutual position of R T and R C . When R T <R C , at the interaction interface a negative magnetic torque will be exerted on the disk material; this favors its channeling along the magnetic field lines and subsequent accretion onto the star. Conversely, when R T >R C , at the interaction interface the magnetosphere rotates faster than the disk material, which is then accelerated along the azimuthal direction and may eventually be expelled radially from the system (the so-called "propeller" regime; Ustyugova et al. 2006 ). In the latter scenario, no stable funnel-flow accretion can occur.
If the physical conditions for the creation of stable, magnetically driven accretion funnels are met, the R T -to-R C ratio in a given system is expected, from a theoretical standpoint, to be related to the stellar mass M ‹ , radius R ‹ , accretion rate 9 M acc , rotation period P and magnetic field B ‹ 19 according to the following equation (Bessolaz et al. 2008 ):
where m S is the Mach number at the disk midplane, B ‹ is normalized to 140 G, M ‹ is normalized to 0.8 M d , R ‹ is normalized to 2 R d , 9 M acc is normalized to 10´8 M d /yr and P is normalized to 8 d. To test whether this prescription yields R T /R C estimates consistent with the picture of stable funnelflow accretion for NGC 2264 members, we selected a subsample of accreting objects for which all parameters listed in Eq. 10 are known from this study (rotation period) and from Venuti et al. (2014, stellar parameters and mass accretion rate). To each of these objects, a value of B ‹ was assigned, following Gregory et al. (2012) , based on their estimated radiative core mass to stellar mass ratio (M core /M ‹ ), deduced from Siess et al.'s (2000) evolutionary tracks. Specifically, a value of B ‹ =1.5 kG 20 was adopted for objects with M core /M ‹ =0 (i.e., fully convective stars); B ‹ =0.6 kG was used for objects with 0ăM core /M ‹ À0.4; B ‹ =0.1 kG was adopted for objects with a developed radiative core (M core /M ‹ Á0.4). Objects considered for this test are listed in Table 2 , where the relevant R ‹ , 9 M acc and M core /M ‹ parameters are reported; their masses and rotation periods are instead reported in Table 4 . Following Bessolaz et al. (2008) , two values of m S , 1 and 0.5, were considered for the computation of R T /R C ; both sets of results are illustrated in Fig. 12 .
The results of the R T and R T /R C computation for this subset of objects are shown, as a function of P, in Fig. 12 . As ensuing from Eq. 10, stronger dipolar fields tend to disrupt the disks at larger radii; this is reflected in the vertical separation of the three different color groups (corresponding to different B ‹ assumptions) on the diagrams. The right panel of Fig. 12 shows that typical R T estimates range from a few to several stellar radii (see also Johnstone et al. 2014 ). Values of R T /R ‹ ă1 are obtained from Eq. 10 for the group of objects with the largest radiative cores; this may indicate that the average value of B ‹ adopted for these sources is an underestimate to the actual magnetic field strength. In the majority of cases, the ratio of the truncationto-corotation radius, illustrated in the left panel of Fig. 12 , is smaller than 1 or close to 1; this is consistent with the expected behavior in the magnetospheric accretion picture, as discussed earlier. At the same time, a R T /R C ratio larger than 1 is obtained for a small group of objects in our sample, among the stars 19 Strength of the dipolar component of the stellar magnetic field at the equator. As discussed in Gregory et al. (2012) , the magnetic field hosted by T Tauri stars can strongly depart from a pure dipole; the degree of complexity of the magnetic field at the stellar surface, and the importance of higher-order components relative to the dipolar component, tend to increase, along the HR diagram, from fully convective stars to objects with a radiative core. However, the dipolar component of the magnetic field dominates on the large scale, as it decays more slowly with distance from the central source; hence, it is the dipolar component that regulates the star-disk interaction at the truncation radius. 20 This value quoted here, as the following ones, are average estimates of the polar dipole strength for objects in different M core /M ‹ regimes, as discussed in Gregory et al. (2012) . However, in Eq. 10, the magnetic field is that measured at the equator. For a dipole, this corresponds to half the strength measured at the magnetic pole.
A&A proofs: manuscript no. Venuti_rotation_NGC2264 Fig. 12 . Estimated ratios of truncation-to-corotation radius (R T /R C , left) and truncation-to-stellar radius (R T /R ‹ , right), as a function of rotation period for a subsample of CTTS in NGC 2264 with period measurements from this study and stellar and accretion parameters measured from Venuti et al. (2014) . The estimates of R T and R C are obtained following Bessolaz et al. (2008) , in the assumption that steady accretion funnels are formed. Circles correspond to truncation radius estimates obtained assuming that the sonic Mach number at the disk midplane (m S ) is equal to 1; the lower bar associated with each point marks by how much the values of R T or R T /R C would vary if we adopted m S = 0.5 (see Bessolaz et al. 2008) . Red is used for objects with a mass ratio M core /M ‹ between the radiative core and the total mass of the star equal to 0 (i.e., fully convective objects); yellow identifies objects in the 0ăM core /M ‹ ă0.4 group; blue is for objects with M core /M ‹ ą0.4. Different dipolar field strengths are used in the computation of R T for each of these groups (see text).
with M core /M ‹ =0. Although the derived values of R T may be affected by uncertainties on the stellar parameters and especially on the magnetic field intensity, which is not constrained here on an individual basis, it is interesting that objects with estimated R T /R C ą1 are clustered at short rotation periods on Fig. 12 (left panel). High stellar spin rates push the corotation radius closer to the star, hence favoring a scenario where the disk is truncated beyond the corotation radius. As mentioned earlier, in this scenario the inner disk material may be ejected from the system along open field lines, in the propeller regime (Ustyugova et al. 2006) , carrying away angular momentum. This mechanism can efficiently spin down the star on timescales of À10 6 yr (Ustyugova et al. 2006), shorter than the typical CTTS lifetimes of several Myrs. Therefore, this would suggest that objects accreting in the propeller regime at the age of NGC 2264 might be expected to lie on the longer-period side of Fig. 12 , rather than on the short-period side. Objects with the largest R T /R C exhibit small UV excesses (and, therefore, weak 9 M acc ) with respect to the bulk of NGC 2264 disk-bearing members, as inferred when comparing the R T /R C estimates derived here to the accretion parameters derived in Venuti et al. (2014) for the whole NGC 2264 sample. A few of them would be classified as significantly younger (ă10 6 yr) than the other cluster members following Siess et al.'s (2000) model tracks on the H-R diagram of the cluster. This might suggest that they are young objects, accreting in a propeller regime, which have not yet been significantly spun down by the star-disk interaction mechanism. Nevertheless, the global inference we may derive from Fig. 12 is that there is no relationship between the truncation-to-corotation radius ratio and the rotation period of disk-bearing sources in NGC 2264, in the sense that values of R T /R C consistent with the magnetospheric accretion picture are found across the whole period range. Gregory et al. (2012) suggested that magnetic topology and its evolution as the star ages may have a direct impact on the rotational evolution of young stars. Namely, as the dipole component becomes weaker and the field complexity increases when the stars start to develop a radiative core, the magnetic ram pressure close to the truncation radius will decrease and hence the disk may push closer to the star. At this stage, the star would start to spin up due to the combined effects of the magnetosphereinner disk angular momentum exchange, of the accretion process onto the star, and of the stellar contraction. Therefore, a connection would be expected between the measured rotation period of the star and the strength/complexity of its magnetic field. Johnstone et al. (2014) investigated this connection across a sample of 10 CTTS with reconstructed magnetic maps from the MaPP project (e.g., Donati et al. 2010) , and found that sources which host a stronger dipolar field tend to be associated with longer rotation periods. Even though no detailed knowledge of the magnetic topology is available for NGC 2264 members investigated here, some indications on a possible connection between stellar rotation and inner structure may be inferred by comparing how objects belonging to different M core /M ‹ groups distribute in P on Fig. 12 . However, no definite evidence of such a relationship appears on this diagram: although the few points at Pą10-12 d all fall into the M core /M ‹ =0 group (and are therefore associated with larger dipole strengths, following Gregory et al. 2012) , objects belonging to any M core /M ‹ group are similarly mixed at shorter periods. To test this scenario further for the NGC 2264 sample, we examined the position of CTTS and WTTS on a H-R diagram with reference to their rotation properties; this is illustrated in Fig. 13 . Again, no evolution in rotation properties is observed along the mass tracks, as objects evolve from being fully convective to developing a radiative core; shorter rotation periods (corresponding to violet/blue on the diagrams) and longer rotation periods (yellow/red) are well mixed across the depicted sample. This suggests that the internal structure has no obvious impact on the rotation properties of young stars belonging to the NGC 2264 cluster. This conclusion, in contrast with the picture discussed in Gregory et al. (2012) , may be a consequence of the youth of NGC 2264: at an age of "3 Myr, most of its members are still fully convective; therefore, the sample we are investigating here may be unsuitable for testing the connection between the evolution of magnetic topology and the rotational evolution of young stars.
Testing magnetospheric accretion models
Theories of magnetospheric accretion predict definite relationships between the stellar parameters (M ‹ , R ‹ ), the rotation period P, the magnetic field B ‹ and the accretion rate 9 M acc . These predictions therefore provide an indirect way to test the validity of the magnetospheric accretion picture, when those same correlations are looked for among measured parameters for a given set of accreting young stars. Johns-Krull & Gafford (2002) examined different theories of magnetospheric accretion, which in particular cover different assumptions on the geometry of the magnetic field. They collected a sample of a few tens of CTTS with known stellar, rotation, and accretion parameters from the literature, and showed that the trend observed in the data best agrees with the predicted correlation of a modified version of the magnetospheric accretion theory presented in Ostriker & Shu (1995) , where the magnetic field topology is allowed to divert from a dipole. This predicted correlation is the following:
where f acc is the filling factor of the accretion spots at the stellar surface, and it is assumed that the magnetic field strength B ‹ which participates in the accretion flow at the stellar surface does not vary significantly from object to object. Cauley et al. (2012) applied the same analysis to a sample of 36 CTTS in NGC 2264, and reached similar conclusions.
Here we perform the same test as in Cauley et al. (2012) , for the subsample of NGC 2264 CTTS examined for Sect. 5.1.1. We follow Johns-Krull & Gafford (2002) in assuming that B ‹ is the same for all stars in the sample, and adopt M ‹ , R ‹ and 9 M acc values derived in Venuti et al. (2014) and individual estimates of f acc derived from spot modeling of simultaneous, multiwavelength light curves as described in Venuti et al. (2015) . The values obtained, across our sample, for left and right side of (2) Estimate derived using the temperature and luminosity parameters derived for the object in Venuti et al. (2014) and Siess et al.'s (2000) model tracks. present on the diagram. Most of the objects in the sample shown on Fig. 14 are fully convective (M core /M ‹ =0, as deduced from the model tracks of Siess et al. 2000) ; therefore, the assumption that the B ‹ strength is uniform across the sample likely does not impact significantly this apparent lack of a correlation. A bigger impact on the position of individual points on Fig. 14 may arise from the values of f acc , which, as discussed in Venuti et al. (2015) , may be subject to somewhat large uncertainties when considered on an individual basis.
For completeness, we also tested whether similar prescriptions, extracted from magnetospheric accretion theories where the field is assumed to be purely dipolar (Königl 1991; Shu et al. 1994) , would adapt better to the inferred parameters for NGC 2264 sources. In this case, the form of the expected correlation between R ‹ and M ‹ , 9 M acc , P is the following:
where, again, we are assuming that the strength of the (dipolar) magnetic field can be considered to be the same for all sources. Left side and right side of Eq. 12 are plotted one against the other for NGC 2264 members in the lower panel of Fig. 14. Again, no correlation between the x-axis and the y-axis variables is found; however, the global behavior of objects on this diagram appears to be different from that in the upper panel of Fig. 14 Error bars shown on Fig. 14 were obtained via error propagation on the relevant quantities, using a typical uncertainty of 0.2 R d for R ‹ , 0.05 M d for M ‹ , 0.5 dex for 9 M acc , and uncertainties derived in Venuti et al. (2015) for f acc and from Eq. 6 of this paper for the rotation period. Stellar radii appear to be the dominant source of uncertainty on these diagrams. The values of R ‹ adopted here were derived in Venuti et al. (2014) based on the effective temperatures T e f f and bolometric luminosities L bol of the sources. T e f f were assigned based on the spectral type of the objects and Cohen & Kuhi's (1979) SpT -T e f f conversion scale; L bol were computed from the dereddened J-band photometry of the sources. An order-of-magnitude estimate of the uncertainty on the derived R ‹ , taking into account typical uncertainties on the parameters involved in the computation of R ‹ , is "0.1 R d . However, a comparison between the R ‹ estimates derived in Venuti et al. (2014) and those published in Rebull et al. (2002) results in a somewhat higher average discrepancy for objects in common. Therefore, we chose to adopt a more conservative value of 0.2 R d for the error on R ‹ here. At any rate, this does not seem to impact significantly the trends observed on the diagrams in Fig. 14 and discussed in this Section. Notably, uncertainties on R ‹ would affect the exact position of each point along the x-axis, while the overall range of values spanned by the point distribution along the two axes would remain mostly unaffected.
The rotational evolution of young stars
6.1. The period distribution of the NGC 2264 cluster: multiple populations?
As noted in Sect. 4, the period distribution derived for the NGC 2264 cluster consists of a smooth distribution with two peaks (P"1-2 d and P"3-4 d). Similar features are observed when analyzing the rotation periods separately for WTTS and CTTS, with the exception that, while WTTS do exhibit signatures of two peaks corresponding to those observed for the total period distribution, only the longer period peak (P"3-4 d) is found in the case of CTTS. A fit to the different groups with a gamma distribution (see Sect. 4.1) provides the following parameters:
The mean value measured for the whole sample falls in between the CTTS' mean period and the WTTS' mean period, and is closer to the latter than to the former, reflecting their relative contributions to the entire period distribution of the cluster. This shift between CTTS' and WTTS' period distributions can be understood if we consider the impact of star-disk interaction on the rotational properties and evolution of young stars. Given an ensemble of stars, it is reasonable to assume that their initial periods may be normally distributed (e.g., Tinker et al. 2002) : the center of the distribution will reflect the average evolutionary status of the population; the dispersion of values around the center of the distribution will reflect varying initial conditions from object to object (e.g., varying star/disk mass, or different accretion history), which translate to varying rotational properties. As time progresses, if all objects follow similar evolutionary paths, we would then expect the period distribution of the ensemble of stars to evolve accordingly: the position of the center will change following the laws that govern angular momentum evolution in young stars; conversely, the overall shape of the distribution will remain unchanged (e.g., Vasconcelos & Bouvier 2015) . As WTTS represent a later evolutionary stage than CTTS, where the disk has disappeared and the systems are no longer braked by the star-disk interaction, the center of their period distribution is shifted toward shorter P.
The origin of the two peaks in Fig. 5 is more difficult to comprehend in this picture. As illustrated in the recent study of Vasconcelos & Bouvier (2015) , who simulated the rotational evolution of young low-mass stars from an age of 1 Myr to 12 Myr, multiple peaks in the period distribution of a cluster at a given age can only be obtained if statistically distinct rotational behaviors are present ab initio in the investigated population. If a homogeneous, Gaussian-shaped distribution of periods is assumed for the whole sample at time t 0 and this is let to evolve, a continuous distribution with a single peak will be obtained at time t. Therefore, the fact that we do observe two separate peaks may suggest that the sample of objects we are investigating comprises several subpopulations with different histories and rotational properties. This distinction goes beyond the separation between disk-bearing and disk-free sources, as one or two peaks on a smooth distribution of periods characterize both CTTS and WTTS individually.
Several studies have now assessed that star formation in NGC 2264 did not occur in a single event, but rather in a sequential fashion. Indeed, the presence of Herbig-Haro objects (e.g., Reipurth et al. 2004 ), molecular outflows (e.g., Margulis et al. 1988 ) and embedded sources (e.g., Wolf-Chase et al. 2003; Teixeira et al. 2006) attests that active star formation is still ongoing within the region. Sung et al. (2009) combined multiple investigations of the NGC 2264 cluster in the optical (Sung et al. 2008 ) and mid-IR (their study; Teixeira et al. 2006) to derive a map of the different subclusterings within the region, based on the spatial density of protostars and YSOs in various evolutionary stages (see Figure 13 of their paper). In particular, they identified two embedded regions (the Spokes cluster and the core of the Cone nebula region, Cone (C)) in the southern part of the cloud, surrounded by a less embedded halo (Cone (H)) dominated by more evolved YSOs. In the northern part of the cloud, another subclustering of disk-bearing YSOs is identified around the massive star S Mon. The S Mon and Cone (H) subclusterings are in turn surrounded by the Halo region, which encompasses the periphery of the cloud and is prevalently populated by disk-free cluster members. As discussed in Sung & Bessell (2010) , objects located in the Halo were formed earlier, followed by objects in the S Mon region and in Cone (H); objects in the Cone (C) and in the Spokes subclustering are the most recently formed. Sung et al. (2009) and illustrated here in Fig. 15 . Rows indicate, in the order, the percentage of objects located on top of each of the subregions among i) the full sample investigated in this study, ii) objects found to be periodic (single period) in this study, iii) periodic sources with period between 1 and 2 days, and iv) periodic sources with period between 3 and 4 days. The percentage indicated for Cone (H) also accounts for objects projected onto Cone (C) and onto the Spokes region.
To investigate the nature of objects that populate the P=1-2 d and the P=3-4 d peaks, in Figure 15 we compare the spatial distribution of objects belonging to these two period groups to that of the full sample of periodic members, and to the location of the various subclusters identified across NGC 2264 by Sung et al. (2009) and discussed above. The two period groups (P=1-2 d and P=3-4 d, hereafter P r1,2s and P r3,4s ) contain about the same number of objects (39 and 44, respectively). About 48% of objects in P r1,2s and 55% of objects in P r3,4s are in excess of the underlying continuum in the corresponding period bins (Fig. 5) . To derive some quantitative indications of the spatial properties of objects in P r1,2s and of those in P r3,4s relative to the full sample of members investigated in this study and to the full sample of periodic sources identified in this study, for each of these groups we measured the fraction of objects projected onto the various subregions identified by Sung et al. (2009) within NGC 2264. These frequencies are compared in Table 3 . About the same fraction of cluster members (30%) are found projected on the S Mon, Cone (core + halo + Spokes cluster) and Halo regions. This percentage does not vary significantly if we restrict our sample of members to periodic sources only. Conversely, some quantitative difference in the spatial distribution of objects across the cloud can be observed when comparing the full sample of sources with objects in P r1,2s and P r3,4s . Objects in the P r1,2s group appear to be more numerous at the RA-Dec location corresponding to the Cone region, and populate preferentially the sourthern part of the S Mon region and the western part of the Halo region. On the other hand, a smaller-than-average fraction of objects in the P r3,4s group is projected on the Cone region, whereas they populate the periphery of the cloud and the Halo region more densely, and distribute predominantly along the eastern side of the latter. Interestingly, these are also the regions of the cluster where disks might be expected to last longer compared to more embedded regions, where the impact of the ionizing radiation from the OB stars contained in the cluster is stronger (see, e.g., the study of Mann & Williams 2010 on the ONC).
These features may support the view that several populations of stars are mingled with one another in the sample of cluster members that we are investigating here. However, no conclusive evidence in this respect can be drawn from this analysis. No obvious difference emerges between P r1,2s , P r3,4s and the full sample of objects when comparing their respective distributions on the H-R diagram of the cluster, nor on their isochronal age distributions. (2008) and Teixeira et al. (2006) . North is up and east is left on the spatial diagram.
NGC 2264 as a benchmark cluster in the scenario of PMS rotational evolution
Recently, Bouvier et al. (2014) have presented a complete review of all observational studies of rotation in young stars conducted so far on different clusters. To examine the rotation properties that we measure for NGC 2264 in the context of early stellar evolution, we select here all clusters from Bouvier et al.'s compilation, which have average ages between 1 and 15 Myr; this range defines the age scale of interest for the lifetimes of disks around young stars (e.g., Bell et al. 2013 ). Since we are interested here in a statistical comparison of rotation properties as a function of age, we have retained only clusters, in the age range mentioned earlier, in which rotation periods are available for a large statistical sample of members (as detailed in Table 1 of Bouvier et al. 2014) . The selected clusters for our comparison are then, in order of age, NGC 6530, the Orion Nebula Cluster (ONC), Cepheus OB3b, NGC 2362, and h Persei. For these regions, we have then selected all members with known period and mass comprised between 0.1 M d and 2 M d , i.e., approximately the mass range probed in our analysis of rotation in NGC 2264. The resulting period distributions for the various clusters, plus that obtained for NGC 2264 in this study and shown in Fig. 5 , are shown in Fig. 16 in an age-ordered sequence. A striking difference can be observed between the first panel (depicting NGC 6530, the youngest cluster in our sample) and the last panel (depicting h Per, the oldest cluster) on Fig. 16 . As noted in Henderson & Stassun (2012) , the period distribution obtained for NGC 6530, at an age of a few Myr and a disk fraction members with detected periods in h Per (Moraux et al. 2013) , at an age where the disk fraction has dropped to a very small percentage ("2-3%; Cloutier et al. 2014) , exhibit rotation periods À1 day. For clusters of intermediate ages, the period distributions appear to exhibit transitional features between the first and the last panel in Fig. 16 : a single or several peaks are observed in the P = 0-5 day range, followed by a slow decline in number of objects toward larger periods.
6.2.1. A mass dependence on the observational picture of rotational evolution?
As discussed in Sect. 4.3, the results we obtain for NGC 2264 suggest that the rotation properties of cluster members are somewhat dependent on stellar mass. Fast rotators seem to be more predominant among lower-mass stars (M ‹ ă0.4 M d ) than among higher-mass stars (M ‹ ą1 M d ; see right panel of Fig. 6 ), although our data does not allow us to draw conclusive evidence in this respect from a statistical point of view. A similar analysis is presented by Littlefair et al. (2010) for the case of Cep OB3b. On the other hand, several studies conducted on other clusters have found a strong dependence of stellar rotation on stellar mass. Henderson & Stassun (2012) , for instance, reported a statistically significant difference in rotational periods between lowermass (M ‹ ď 0.5 M d ) and higher-mass (M ‹ ą 0.5 M d ) stars in NGC 6530, with the latter rotating faster than the former. Conversely, a mass dependence in the opposite direction (lower-mass stars spinning on average faster than higher-mass stars) was reported for the ONC (Herbst et al. 2002) and for h Per (Moraux et al. 2013) . As detailed in Table 1 of Bouvier et al. (2014) , the various studies of rotation in young clusters, whose results we are comparing in Fig. 16 , refer to mass regimes which may vary somewhat from case to case. This is illustrated in Fig. 17 , showing the cumulative distribution functions in mass of the rotation surveys used to build Fig. 16 . If the rotation properties of young stars are truly dependent on stellar mass, this diversity in mass properties between the different samples can have an impact on the evolutionary picture we may deduce from Fig. 16 . One way to circumvent this issue is to group cases with similar distributions in mass from Fig. 17 , and compare the rotation properties as a function of age within each individual group. One such group consists of the ONC and Cep OB3b (masses from "0.1 M d to "1.3 M d ), whose rotation properties are illustrated respectively in the upper middle panel and in the lower left panel of Fig. 16 . No definite qualitative difference is noted between the two period distributions. In both cases, the distribution has a single 22 peak close to P"2 d, perhaps more sharp in 22 As mentioned in Sect. 4.3, Herbst et al. (2002) found the period distribution of the ONC to be unimodal when only objects less massive than 0.25 M d are considered, and double-peaked when only objects the case of the ONC, and then declines steadily toward longer periods; in both regions, almost no objects exhibit rotational periods longer than "12 d. It is important to mention that, while the Cep OB3b cluster (Kun et al. 2008 ) is a well defined subgroup of one of the three OB associations known in the Cepheus constellation, the ONC (Muench et al. 2008 ) likely comprises several different populations of stars, with a non-negligible age spread among cluster members. This ought to be taken into account when examining their respective period distributions as two distinct blocks in the picture of PMS rotational evolution.
more massive than 0.25 M d are considered. The single-peaked nature of the period distribution shown here for the ONC reflects the fact that this is dominated by lower-mass stars: indeed, as illustrated in Fig. 17 , about 50% of objects in the ONC sample considered here have mass below 0.3 M d . Fig. 17 . Cumulative distribution functions, in mass, of the young stellar populations whose rotation properties are used to build the histograms of periods shown in Fig. 16 for the various clusters.
A second group of cases with similar distributions in mass from Fig. 17 is that including NGC 6530 and NGC 2362. The corresponding period distributions are shown on the upper left panel and on the lower middle panel of Fig. 16 , respectively. Contrary to the case of the ONC and Cep OB3b, a marked age difference exists between these two clusters: at an age of about 2 Myr, NGC 6530 is the youngest cluster among those shown in Fig. 16 and infrared studies indicate that about half of its members are surrounded by dusty disks; conversely, at an average age of about 12 Myr, only 10-20% of objects in the NGC 2362 cluster show evidence of dust in the circumstellar environment (Dahm & Hillenbrand 2007) . The overall shape of the period distribution appears to evolve between the two: only a hint of a peak around P=1-2 d is present in the case of NGC 6530, and the distribution is fairly uniform in the "1-10 d period range; conversely, in the case of NGC 2362 a more definite peak around P"2 d is present and stands out against the flat segment of distribution in the 3-8 d period range, after which the distribution displays a rapidly declining tail toward longer periods.
To investigate the impact of different mass regimes on the global picture of Fig. 16 , we used Fig. 17 to identify a mass range common to all samples. Then, we selected, for each cluster, only objects with masses in this range, and used these massselected subsamples of objects to re-draw the period distributions in Fig. 16 . The selected mass range goes from 0.4 M d (lowmass end of the h Per sample) to 1.1 M d (chosen a bit smaller than the highest mass regime common to all samples, "1.3 M d , to avoid the mass range where the so-called "Kraft break" in stellar rotation properties occurs; see Kraft 1967) . The results of this exercise are illustrated in Fig. 18 .
When comparing Fig. 16 and Fig. 18 qualitatively, the following differences appear:
-in the case of NGC 6530 (2 Myr), the net effect of this mass selection on the global shape of the period distribution is a removal of objects from the intermediate (7-9 d) period range, with a steadier decline in number, instead of a uniform behavior, for PÁ7 d; -in the case of the ONC (2.8-5.2 Myr), a second peak at P"7-8 d appears in the period distribution when M ‹ ă0.4 M d objects are excluded, in agreement with what reported by Herbst et al. (2002) regarding a bimodal nature of the period distribution for the more massive population component of the star-forming region; -in the case of NGC 2264 (2.4-6 Myr), more substructures emerge, notably a hint of a peak at P"6-7 d, and in addition the first peak of the period distribution (P=1-2 d) becomes less pronounced with respect to its second peak (P=3-4 d) compared to the histogram shown in Fig. 5 ; -in the case of Cep OB3b (6 Myr), the net effect of this mass selection is sharpening the peak of the distribution, which becomes more populated in the higher-P (2-3 d) half than in the lower-P (1-2 d) half; -in the case of NGC 2362 (9.5-12.6 Myr), when removing the M ‹ ă0.4 M d objects, the peak at P"2 d disappears and the shape of the distribution evolves toward a uniform distribution in the P=0-8 d range; -in the case of h Per (13 Myr), no appreciable changes in the shape of the period distribution appear when restricting the sample to more massive objects.
The above list suggests that, at least in the age range between 3 and 10 Myr, the rotation properties of young star clusters are somewhat dependent on the mass regimes probed in their populations: when restricting the sample to more massive TTS (0.4-1.1 M d ), the features at longer periods in the cluster distributions become more marked than when lower-mass TTS (M ‹ ă0.4 M d ) are considered. Conversely, no significant variations in the evolutionary picture emerge when comparing the age-ordered sequence of period histograms in Fig. 16 to that in Fig. 18 . From the youngest (NGC 6530) to the most evolved (h Per) case, the period distribution evolves from a uniform distribution in the "0-8 d period range (with perhaps a hint of a peak at a few days) to a distribution with a sharp peak at Pă1 d superimposed on a flat continuum, about five times less strong than the peak, that extends down to P"8 d. At intermediate stages, the period distributions of young clusters exhibit a variety of features and substructures in the period range from 0 to 10 d, which may reflect a diversity in the specific environmental conditions or in the nature of the stellar populations probed in the different cases. Overall, the bulk of objects is found at periods shorter than "7 days, and the distribution declines more or less steadily toward longer periods.
The rotational evolution of young stars: observations vs. simulations
The wealth of observational data available to date for rotation periods of young stars in cluster of different ages have enabled a number of studies that follow a semi-empirical approach to model the rotational evolution of stars in the pre-main sequence. Namely, these models take a starting population of stars whose rotation properties are assigned based on observations of the youngest clusters, and follow their rotational evolution assuming that this is governed by specific physical mechanisms (e.g., disk-locking, angular momentum conservation) depending on the presence or absence of accretion disks. The comparison of the final period distribution simulated with observational data for clusters of similar age therefore enables investigating what processes regulate the spin evolution of young stars, especially in the earliest stages. Vasconcelos & Bouvier (2015) presented Monte Carlo simulations of the rotational evolution of a population of 280,000 young stars with mass between 0.3 and 1 M d , from an age of 1 Myr to an age of 12 Myr. Their models assume that stars evolve at a constant angular velocity when they are coupled to an active accretion disk, and at a constant angular momentum when the disk is dissipated. Their Figure 6 illustrates how the shape of the global period distribution evolves from the beginning to the end of the simulated time span. It is assumed that, at an age of 1 Myr, a fraction of young stars have already lost their disks, and that the rotation properties of the latter are statistically distinct from those of disk-bearing sources; this is consistent with what observed in several young clusters (e.g., Xiao et al. 2012; Henderson & Stassun 2012) . At an age of 2.1 Myr, the initial distribution, with a broad "bump" around a period of 3 d and a slow decline toward longer periods, has evolved into a distribution with a more pronounced peak around P "2 d followed by a flatter region, about half as high as the peak, that extends from 5 to 10 d and then declines steadily toward longer periods. This behavior can reproduce qualitatively the shape of the period distribution observed for the ONC and illustrated in the upper-middle panel of Fig. 16 . By an age of 12.1 Myr, the peak in the distribution has become sharp and shifted to PÀ1 d, while the number count in the successive histogram bin drops to about 0.4 times that in the peak and decreases steadily with increasing period. This trend is similar, at least on a qualitative basis, to what is observed for the NGC 2362 and the more evolved h Per clusters (lower-middle and lower-right panel of Fig. 16, respectively) .
At an age of "3-5 Myr (on the order of disk lifetime; Haisch et al. 2001) , NGC 2264 is a benchmark cluster for PMS rotational evolution. By that time, about 50% of young stars will have lost their disks and started to spin up toward the main sequence. An implication of this is that, at the evolutionary stage of NGC 2264, a fraction of objects will have just been released from their disks, and therefore will not have had enough time yet to spin up significantly. As discussed in Vasconcelos & Bouvier (2015) , during the first few Myr of evolution of a given ensemble of stars, the progressive release of YSOs from their disks results in a widening of the period distribution associated with the diskfree component of the population: newly released objects will rotate more slowly than stars that have lost their disks earlier and have thus already started to spin up freely. This may explain the tail of slow rotators observed among WTTS in NGC 2264 (Fig. 6) . As the evolution continues, more and more sources are released from their disks and stars that had been released earlier keep spinning up; therefore, the bulk of the non-accreting population shifts toward shorter periods and the long-P region of the initial distribution is depleted. This is consistent with the picture shown in Fig. 16 , where clusters at intermediate evolution-ary stages exhibit wider distributions at the longer period end than the h Per cluster.
As discussed above, the predicted trend of spin rate evolution of young stellar populations, simulated in Vasconcelos & Bouvier (2015) , shows an overall agreement with the evolutionary picture we may get from comparing the observed period distributions of clusters at different ages (Fig. 16 of this study) . This supports the view that young stars may be locked to their disks during the earliest stages of their evolution, and then spin up as they contract toward the ZAMS once the magnetic coupling with their accretion disks has ceased. Aligned with this interpretation are the conclusions of Landin et al. (2016) , who tested the idea, put forward by Lamm et al. (2005) , that NGC 2264 represents a later stage in the scenario of PMS rotational evolution than the ONC. The authors simulated the backward evolution of the NGC 2264 period distribution down to the age of the ONC, under the assumption that the spin rate of cluster members is governed by disk locking as long as the stars possess a disk, and by angular momentum conservation afterwards. The period distribution predicted by Landin et al. (2016) for the younger NGC 2264, following this approach, would indeed show the overall features of the period distribution observed for the ONC.
Conclusions
In this study we have presented the most accurate and unbiased analysis of rotation properties available to date for the NGC 2264 cluster in the mass range "0.2-1.7 M d . We examined a population of about 500 cluster members, whose optical light variations were monitored continuously for 38 days with the CoRoT space telescope in the framework of the CSI 2264 campaign (Dec. 2011 -Jan. 2012). Light curves were searched for periodicity using three different methods: the Lomb-Scargle periodogram, the autocorrelation function, and the string-length method. A significant period was detected for about 62% of sources in the sample; the period detection rate is lower among objects with active accretion disks (CTTS) than among objects that have already been released from their disks (WTTS).
The main results of this work can be summarized as follows.
1. The period distribution derived for the cluster consists of a smooth distribution centered on P"5.2 d with two peaks. The peaks are located at P=1-2 d and P=3-4 d. Although our dataset allows us to reliably measure rotation periods as long as 19 d, over 95% of periodic sources in our sample have period shorter than 13 d. 2. A clear statistical distinction in rotation properties exists between WTTS and CTTS: although the respective period distributions overlap, the former spin on average faster than the latter. A typical period of 4.9 d is measured across the WTTS population of the cluster, while the mean period measured for the CTTS sample is of 6.1 d. The first peak in the NGC 2264 period distribution (P=1-2 d) is clearly associated with its WTTS population, whereas very few CTTS are found with Pă2.5 d; conversely, the second peak, at P=3-4 d, takes contributions from both CTTS and WTTS. 3. Our results suggest some mass dependence in the rotation properties of NGC 2264 members, in agreement with earlier findings. Lower-mass objects appear to exhibit rotation periods that are shorter on average than higher-mass objects, although our analysis does not allow us to reject the null hypothesis that lower-mass and higher-mass objects have similar period distributions to the 5% significance level.
4. A clear connection is found between rotation and accretion; objects that exhibit large UV excesses (indicative of high mass accretion rates onto the stars) are typically associated with long rotation periods; conversely, a dearth of fast rotators with strong UV excesses is evident among disk-bearing objects. This supports the idea that magnetic star-disk coupling has an impact on the rotation properties of young stars. 5. No clear relationship emerges between the rotation period of the stars and their inner structure (notably the presence/absence of a radiative core); no evolution in rotation properties is observed along a given mass track on the H-R diagram of the cluster among CTTS or WTTS. This may indicate that the NGC 2264 population is still too young for the transition from fully convective to partly radiative stellar interiors to have a significant impact on the observed properties. 6. The connection between rotation properties and accretion indicators (UV excess) that we find here for the NGC 2264 population is reminiscent of the connection between rotation and disk indicators (IR excess) in young stars reported in Rebull et al. (2006) . Furthermore, it shows the same behavior of the distribution of accretion rates as a function of rotation period simulated in Vasconcelos & Bouvier (2015) in the hypothesis that the spin rate of young stars evolves at constant angular velocity in the presence of a disk and at constant angular momentum when the disk has disappeared. This would support a scenario in which young stars are locked to their disks during the accretion phase and then start to spin up to conserve angular momentum once disk accretion and stardisk coupling have ceased.
Thanks to the extensive obervational effort devoted to characterizing the period distributions of star clusters at different ages, and to the simultaneous modeling effort aimed at reproducing and interpreting those observations, we have now achieved a global understanding of how the stellar spin rate may evolve across the pre-main sequence. However, several open issues remain. For instance, it is not clear why the period distributions of some clusters exhibit two separate peaks, as is the case for NGC 2264. In this study, we show that objects in the two peaks observed for NGC 2264 are different in nature: the shorter-period peak consists of disk-free cluster members (WTTS), while the longer-period peak consists of both disk-accreting (CTTS) and disk-free cluster members. However, the origin of these peaks is not as clear. Notably, they appear to be additional features on top of an underlying, smooth distribution of periods; this behavior is observed both when considering the NGC 2264 cluster as a whole and when examining CTTS and WTTS separately. Are the initial rotation periods in a given population randomly distributed (in which case we would expect the period distribution to evolve with time into another random distribution where the center has shifted toward shorter values)? And, therefore, is the presence of multiple peaks indicative of the fact that the ensemble of stars under exam is a composite population (e.g., the result of distinct star formation episodes)? Or do the initial rotation periods in a given sample of objects cluster around a certain value, depending on, e.g., environmental conditions at birth? Significant contribution to this discussion may be provided in the near future by Gaia: data issued from the mission will help identify kinematical substructures and populations in NGC 2264, which may shed new light on the nature of the specific features seen in the rotational distribution of the cluster. note that no error estimate is reported in Affer et al. (2013) . As shown in Fig. C .1, at both epochs the light curve is not entirely smooth.
CSIMon-000314 The period reported in Affer et al. (2013) is about twice the period reported here. As illustrated in Fig. C.1 , the light curve of this object is not very well behaved at any epochs. No other period estimates are available for this object from other datasets in the CSI 2264 campaign or from previous studies in the literature.
CSIMon-000448
The period reported in Affer et al. (2013) is about twice the period reported here. As in the case on CSIMon-000314, the light curve is not entirely smooth.
CSIMon-000498
The period reported in Affer et al. (2013) is about twice the period reported here. As shown in Fig. C.1 , the flux modulation appears to be more regular at the 2011 epoch than at the 2008 epoch. Lamm et al. (2004) also found a period value close to the one reported here.
CSIMon-000558 Case similar to CSIMon-000168: long-period object, with measured period of 11.71 d in this study and of 10.17 d in Affer et al. (2013) . The two estimates are only marginally inconsistent within the error estimated on our derivation of period.
CSIMon-000657
The period reported in Affer et al. (2013) is about half the period reported here. Lamm et al. (2004) report a period estimate consistent with that of Affer et al. (2013) , and preliminary results from the period analysis of Spitzer/IRAC light curves appear to agree with these. Fig. C.1 shows that the 2008 CoRoT light curve may actually consist of two separate, alternating features of slightly different shape; this would imply that the periodogram peak indicated in Affer et al. (2013) corresponds to half the actual rotation rate.
CSIMon-000695
The period reported in Affer et al. (2013) is about thrice that found here. Fig. C.1 shows that a modulation is well seen in the CoRoT 2011 light curve, whereas the pattern is more fragmented on the 2008 light curve.
CSIMon-000951
The period reported in Affer et al. (2013) is significantly larger than that found in this study. As can be observed on Fig. C.1 , the light curve is partly irregular at any epochs. We note that the period estimate reported in Lamm et al. (2004) is consistent with the one that we report here.
CSIMon-000995 Another object with long periodicity; Affer et al. (2013) report P = 7.02 d, while we derive here P = 9.28 d. The light curve comparison shown in Fig. C.1 illustrates that the modulated pattern was better traced in 2008. light curve. The light curve unit might be M-shaped (with two maxima), but that is not entirely evident from the light variation pattern and the derived period diagrams; for this reason, we opted here for the shorter period.
CSIMon-000372
The period reported in Cieza & Baliber (2007) is about half that found in this study (1.3 d and 2.57 d, respectively). A modulation at a period of about 2.5 d is clearly seen on the CoRoT 2011 light curve shown in Fig. D .1, and this result is supported by the analysis of the former CoRoT dataset by Affer et al. (2013) .
CSIMon-000383
The period reported in Cieza & Baliber (2007) is about half that found in this study (0.51 d and 1.03 d, respectively). The CoRoT 2011 light curve for this object is affected by instrument systematics, which may impact the results of the period analysis. Preliminary results of the analysis of Spitzer/IRAC light curves (Rebull et al., in preparation) seem to support the period value reported in Cieza & Baliber (2007) , after Makidon et al. (2004) .
CSIMon-000451
The period reported in Cieza & Baliber (2007) for this object is 0.68 d, whereas it has a period of 4.52 d in our study (see Table 7 ). A modulation effect of several days is well observed during the first half of the CoRoT 2011 light curve, although it becomes more irregular during the second fraction of the monitored time span. A close periodicity to the one we report here is suggested by preliminary results of the Spitzer/IRAC light curve analysis (Rebull et al., in prep.) .
CSIMon-000524
The period reported in Cieza & Baliber (2007) for this object is 1.23 d, whereas a period of 5.15 d is found here. The periodic pattern is clearly outlined in the CoRoT light curve, and the period found here is supported by the Spitzer/IRAC light curves (Rebull et al., in prep.) CSIMon-000558 The period reported in Cieza & Baliber (2007) for this object is close to 1 d (0.88 d), whereas it has a period of 11.71 d in our study (see Table 7 ). A long-term modulation can be clearly observed on the CoRoT 2011 light curve, and is supported by Affer et al.'s (2013) results. No significant evidence of shorter periodicities results from our analysis.
CSIMon-000624
The period reported in Cieza & Baliber (2007) is about half that found in this study (3.73 d and 7.47 d, respectively) . The CoRoT 2011 light curve appears to be the alternation of taller and shorter maxima; the indication for the period reported here derives from the ACF and SL methods, whereas the periodogram peaks at half that value (as discussed for the case in Fig. 2) . A similar period to the one reported here is suggested by the preliminary results of the Spitzer/IRAC light curve analysis (Rebull et al., in prep.) .
CSIMon-000657
The period reported in Cieza & Baliber (2007) is about half that found in this study (2.43 d and 4.83 d, respectively). Affer et al. (2013) also report a period consistent with that listed in Cieza & Baliber (2007) (see discussion about this object in Appendix C). The light curve unit in the CoRoT 2011 dataset appears to have a complex and time-varying shape, with several maxima. The value of period reported here is based on the ACF and SL diagnostic tools; the periodogram peaks at half its value.
CSIMon-000770 The period reported in Cieza & Baliber (2007) for this object is close to 1 d (0.84 d), whereas it has a period of 5.44 d in our study (see Table 7 ). The same value of period that we find here is suggested by preliminary Spitzer/IRAC results (Rebull et al., in prep.) , and this was also reported in Affer et al. (2013) from the analysis of the previous CoRoT run on NGC 2264.
CSIMon-000784
The period reported in Cieza & Baliber (2007) for this object is close to 1 d (0.91 d), whereas it has a period of 10.10 d in our study (see Table 7 ). The modulation is clearly seen in the CoRoT 2011 light curve (see Fig. D.1 ; the same value of period is suggested by Spitzer/IRAC data.
CSIMon-000879
The period reported in Cieza & Baliber (2007) for this object is close to 1 d (0.91 d), whereas it has a period of 11.40 d in our study (see Table 7 ). The light curve for About 5% of objects in our sample (Table 4) , found to be periodic here, were reported as non-periodic in the study of Affer et al. (2013) . Similarly, about 5% of objects in our sample, classified as non-periodic in Table 4 , had a periodicity assigned in Affer et al. (2013) .
Some of these cases can be attributed to the fact that their light curves exhibit a certain degree of irregularity, or that the observed flux variations develop on fairly long timescales ("weeks); these situations translate to more unclear period assessment. In other cases, the light curves at one or the other epoch are affected by systematics, that hampers the period analysis. For a fraction of cases, however, the discrepant result on the light curve periodicity/non-periodicity at the two epochs reflects a real evolution in photometric behavior between the two epochs. Figure E .1 illustrates twelve cases of objects that exhibited aperiodic light curves in 2008 but have a period measured from the 2011 epoch and reported in Table 4 . We can identify two main groups among the examples shown. The first (e.g., the CTTS CSIMon-000370 and CSIMon-000765, respectively third panel on the left and first panel on the right side of the picture, from the top) consists of objects with nicely modulated light curves at one epoch and more irregular light curve shapes at the other epoch. These light curve changes may be driven by a variation in the accretion activity of the objects: more intense in the first epoch, with light curves dominated by a changing mix of cold magnetic spots and hot accretion spots at the stellar surface (e.g., ?); more moderate at the second epoch, when well-behaved cold spot modulation prevails in the light curve. The second group of cases is exemplified by objects CSIMon-000296 and CSIMon-001296 (CTTS; second panel on the left and last panel on the right side of the picture, from the top); these exhibit a dipper-like light curve (flat luminosity maximum interspersed by flux dips associated with extinction events from circumstellar material; ?). The extinction events, possibly linked to inner disk warps at the base of the accretion funnels, occur aperiodically at one epoch and periodically at the other; as discussed in ?, this may be due to a transition between unstable and stable accretion regimes. Finally, special mention goes to the object CSIMon-001189 (fifth panel from the top on the right side of Similarly, Figure E .2 illustrates twelve cases of objects with detected periodicity in Affer et al. (2013) from 2008 light curves, that appear to be aperiodic in the 2011 epoch. Again, we can identify the two main types of photometric behaviors and evolution discussed in the previous paragraph. In some cases, e.g., the CTTS CSIMon-001573 (fifth panel from the top on the right side of the picture), the predominantly modulated light curve pattern observed in 2008 evolved into a more irregular, possibly hot-spot dominated flux variation trend in 2011. In other cases, e.g., the CTTS CSIMon-000928 (last panel from the top on the right side of the figure) , the periodic, AA Tau-like dipper profile observed at the 2008 epoch evolved into an aperiodic light curve trend in 2011.
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